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PREFACE TO SECOND EDITION. 

This original edition o£ this work has boon so favourably received by 
road engineers at koine and abroad, and the amount of now matter und 
information acquired as a result of the experiments and investigations 
that have been made in the interval has been of suck interest, that, at 
the request of the pubkskers, the author lias completely revised and 
remodelled the book to its present enlarged form. 

The war has emphasised the immediate necessity for improved 
highways and thoroughfares, und for the provision of a substantial 
road structure which will be suited to the traffic. Motor transport 
has demonstrated itself an eoonomio suooess, and it is shown in the 
text that, up to a radius of about forty miles, goods can bo carried 
more effectively and as economically as by the railway as at present 
administered. A similar degree of satisfaction can be obtained in 
dealing with passenger traffic in certain circumstances. 

Roads will, therefore, be subjected to a far greater amount of traffic 
than has been the case in the past. The increases shown m the traffic 
returns are an indication of the popularity of tho motor vehicle, but, 
in the view of most people, they only give a slight idea of tho future 
increase of suok traffic. 

It is explained that the provision of good and suitable roads will 
reduce the running costs of this form of traffic by about 20 per cent.; 
and, in consequence, it is desirable that every effort should be made 
to mstal such a form of structure that will give this or even better 
results. 

The greatest oare has been taken to give information which will 
be generally useful Tho author has made very free comments for and 
against the different classes of structures, and suggestions which, in 
his opinion, seem to overcome the difficulties that havo arisen. 

The bituminous pavement is very olosely examined, because this 
oluss of structure seems to have greater possibilities for suooess from 
every point of view; the information is in suoh detail on this subject 
that there should be little difficulty in oarrying out the work by direct 
employment of labour. 
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atmosphere. Those successes whioh are said to be so prevalent in tho 
drier atmosphere of other countries would probably, in some cases, 
have failed under our moist conditions. The other factors are almost 
too well known to be mentioned—heavy rains, drizzling showers, 
summer heat and winter frosts, variations of horse and motor trufiio, 
iron- and rubber-tired wheels, intermittent or continuous traffic, grade 
and contour : then the road may be broad and upon, or sheltered and 
shaded by trees; it may bo low-lying and consequently badly drained, 
and so on. Each have their effocts, and thoy cannot be anticipated; 
all that can be done is to study the combinations. 

It will, for this reason, bo unwise to draw the conclusion that be¬ 
cause a form of road construction has been very successful ill one 
particular place or district, it will, without amendment or alteration, 
prove equally successful in another totally difforont distriot and under 
dissimilar conditions. Obvorsely, it need not be the oase that because 
a form of oonstruotiou has failod in one plaoo, it will fail elsewhere. 

A critical examination is made of materials usod, but it must not 
be taken that thoy should bo eliminated from use where the onticisms 
are adverse It is for the road engineer to determine the places 
where they oan be used with success. The oritioisms are the personal 
opinions of the author, and their justification is amply set forth. 

An inquiry is made into theWestion of tho traction wear on maoadani 
roads : whether, by itself, it has any greater wearing capacity than it 
has on wood-paved or asphaltic road surfaoes. 

Abrasion or attrition tests of stone have been useful so far as the 
waterbound roads arc oonoerned, but in the more modern methods 
of oonstruotion it is shown that the stone will not ho given tho oppor¬ 
tunity to abrade; it will be held in position permanently in the same 
manner that the aggregate in oonorete is held in position by the cement 
that is used as a binding agent. The great difference is that in this 
oaBe the oement is hard and non-resihent, while ^n tho other the binding 
agent is duotile and gives a resilient mast?. Thus stone will have a 
different value, and in all probability a stone now regarded as soft 
will have almost an equal wearing oapaoity in such a pavement to a 
hard stone, if not a greater. 

The example of soft wood is an illustration. It wears more satis¬ 
factorily than hard wood, beoause its fibres are more resilient and not 
too quickly affeoted by traffic and weather conditions. 

The tars and the natural bitumens as binding agents are fully con¬ 
sidered, the stable and known oharaoteristios of the latter showing to 
advantage as against the cheapness and unknown qualities of the 
former. 
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In making comparisons of ro^ds, the best method is to take a oare- 
ful oensus of the traffio. An example whioh has been adopted by the 
Road Board is given in the text. 

The census would be misleading if in one case it was taken over 
twelve hours and in another over twenty-four liourB, as tliorc may in 
one oase be a day and night traffic, and in the other only a day traffic. 
The traffio should be taken hourly, as it will probably be found that 
traffic spread over equal periods of the day will woar less rapidly than 
in the oase of the same traffio oonfined to very few hours. 

The width of a road as a guide to the traffic rato is also nusleading. 
A straight road with the traffio oonfining itself to the centre of the 
road is affected much more rapidly than a similar road whore tho 
same traffio spreads itself over tho whole width. It is, therefore, 
advisable to remark on this in tho oensus return, or adopt a standard 
width for eaoli line of traffio. 

The author is indebted to Mr Clifford Richardson for his kind 
permission to use the analyses and figures in connection with the 
various bitumens mentioned in the chapter dealing with the subject. 
They are given in oven more detail in Ins work on Modern Asphalle 
Pavements. 

Muoh of the matter has already been given m a series of lectures 
and in articles m tho technical journals. 

It is, however, due to the apparently wide interest that is taken in 
improved methods of road construction, as evidenced by the corre¬ 
spondence from engineers, members of local authorities, and others, 
both at home and abroad, that the author has attempted to give in 
a concise and not too highly technical form the leading characteristics 
and details of modern roads without overlapping in any serious degree 
the works of other writers on the same subject. 

FRANCIS WOOD. 


London, Juno 1012. 
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CHAPTER I. 

INTRODUCTORY. 

The attention of road engineers has in reoont years been espeoially 
oalled to tbe evor-inoreaaing traffio, principally self-propelled, because 
of tbe damage that has developed on the roads and whioh is ooinoidont 
with the entrance of the motor vehiolo into the public service. Macadam 
roads have satisfied the requirements of the public for a great many 
years, but under the new conditions they seem to fail in a remarkably 
short space of time. A careful examination into the whole of tlio 
faotors whioh have their effeot on the road structure will demonstrate 
why the deterioration is so rapid and how it can bo remedied, but 
owing to the groat mileage of roads made with macadam, it is a matter 
of Berious consideration as to how the oost of any remodelling of the 
Btruoture to suit the new conditions can be met. 

Main Road Maintenance Costs.— In order to properly appreciate 
the position of the road authorities in England and Wales, we may take 
the statistics that aro issued by the Road Board in their Annual Report, 
extracting from them the figures which apply to the main roads only. 

Table I. 








Average 


Mileage. 

Mainten¬ 

ance. 

Improve¬ 

ments. 

Other 

Items. 

Loan 

Charges. 

Cost per 
Mile 

Mainten¬ 







ance. 



£ 

£ 

£ 

£ 
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Urban main roods 

4,366 

1,089,440 

08,502 

# . 

173,581 

250 

Rural main roads 

23,833 

2,897,361 

21,002 


59,854 

122 

County borough roads 

10,304 

1,644,088 

116,536 

881,520 

1,735,068 

150 

London authorities . 

2,210 

*»** W 

666,648 

1,077,378 

303 
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Here it is shown that the oost of maintaining the urban main roads 
is equivalent to 5d. per superficial yard and the rural main roadB 2|d. 
per superficial yard. 

Reconstruction Costs. —The oost of a road surface which will satis¬ 
factorily withstand moderate or heavy motor traffio prior to 1914 was 
about 5s. per superficial yard. It would thus take twelve years for the 
average urban authority to oonvert these roads to a satisfactory state, 
expending oaoli year the whole of the maintenance oosts (assuming 
they are all of a maoadam type), and twenty-five years for the rural 
authority to treat the roads in the Bame manner. If the roads 
were reoonstruoted at once, it would take tho same period to repay 
the loan (without taking into consideration the extra time that 
would be involved, and whioh would represent the interest on the 
borrowed money), leaving nothing for the maintenance of the now 
form of oonstruotion that may be neoessary during the period of 
the loan 

But there is another point which is of importance : the Government 
does not sanction loans for such purposes for a period beyond ton years, 
therefore, so far as the rural districts whioh have 23,833 miles of roads 
under their control are concerned, the oost of such a form of road con¬ 
struction would be equivalent to two and a half times the maintonanoe 
oost during the ten years, oxolusivo of loan charges and now maintenance. 
This is not perhaps at first sight a groat difference, but when the amount 
raised from the rural areas is £2,897,361, and it is to bo increased by 
about £6,000,000, it becomes a very serious problem ; similarly with tho 
urban areas, the amount to bo obtained is a considerable sum from 
their limited areas. 

The war has intervened and raised the oost of both labour and 
materials more than double, and it is probable that these oosts will 
not return to anything like the figures that prevailed before and 
during 1914. Hence tho difficulties of tho road authorities, who 
are faood with the problem of improving thoir road struoture, axe 
intensified. 

Taxation Proposals. —There have boon many proposals to overcome 
tho financial Bide of this problem: one of thorn that has received con¬ 
siderable support is to oontinue tho potrol tax which was plaoed on 
petrol-driven vohiolos in 1909, and whioh has sinoe been greatly increased, 
and to place in addition a tax on motor buses at tho rate of fd. per 
oar mile. 

This proposal has been amplified on tho following lines, the cost 
per bus per annum being calculated on a 100-mile basis:— 
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Per Bus Per Bub. 

Mile. Per annum. 
d. £ s. cl. 

For a specially constructed wood-paved or 

asphalted road on reinforoed conoreto . $ 57 0 0 

For a wood-paved road (on concrete) . . ^ 06 10 0 

For an asphalt road (on oonoretc) . . 66 10 0 

For a granite sett or durax-paved road (on 

concrete).^ 66 10 l) 

For an asphaltio macadam road . . £ 76 0 0 

For a tarred slag inaoadam road . . £ 114 0 0 

For a tarred limestono macadam road £ 114 0 0 

For a tarred granite maoadam road . . $ 114 0 0 

For a granite water-bound road . . 1 152 0 0 

For a limestone water-bound road . . 1 152 0 0 

Other water-bound roads .... 1 152 0 0 

For a road partly wood-paved ami partly 

macadamisod, with water-bound metalling -JJ- 104 0 

For a road partly wood-paved or granite, 
paved and partly maoadamised, with 
water-bound metalling .... -ft- 104 0 0 

For a road partly paved with wood and 
partly macadamised with tarred mao¬ 
adam .86 0 0 

For a road partly paved with setts or durax 
and partly maoadamised with tarred 

maoadam.86 0 0 

For a road partly wood-paved and partly 

paved with setts or durax . . . 66 10 0 

For a road partly paved with wood and 

partly with asphaltio macadam . , J 76 0 0 

For a road partly paved with granite setts 
or durax or partly with asphaltio mao¬ 
adam or lithofalt .... 76 0 0 

Che writer is not aware whether such a proposal as this has been adopted, 
<nd in the oase o£ a bus which is plying for trade in a district where 
uoh a oharge is made, it probably will not materially affeot the oom- 
>any running the buses, because the inhabitants of the distriot have to 
>ay these charges; if they do not patronise them under these conditions, 
hen the bus company would not run the vehiales. 

A motor-bus ohassis is not materially different from a great pro- 
ortdon of the commercial vehioles whioh are so prevalent. The three- 
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ton vehioles used by the Government Departments in the proseoution 
of the war are particularly after this type, so that whatever charges 
may be made on motor buses should equally apply to these other 
vehicles, as they will obviously be capable of causing the same pro¬ 
portional damage. 

In London there is a large proportion of bus traffio as compared with 
other traffio, and the writer had a oenBUS taken of the traffio passing 
through Fulham. 


Table II. 


Position. 






IS 


9 


Pulliam Hoad, Broadway 
„ „ Fulham Pork 

Hoad 

Putney Bridgo 
Harwood Hoad 
Fulham Palace Hoad 
Hew King's Hood . 
Dawes Hoad . 

Lillie Hood 

Wandsworth Bridge Hoad 
North End Hoad 


<12,817 28,044 12,216 4276 5664 
25,814 14,788 7,810 1892 5770 


56,873 

25,760 

83,610 

29,849 

28,804 

35,444 

18,006 

19,628 


28,602 

12,684 

17,200 

7,704 

11,058 

21,438 

9,962 

11,268 


14,288 8082 7874 
6,334 2312 4096 
0,688 4602 802 
1,788 66 2 

4,914 2700 16 

6,040 102 8558 
880 50 1244 

1,001 128 2654 


0 20 
0 28 

0 25 
0 24 
0 30 
0<00 
0-21 
0 14 
0 06 
0 09 


£ £ 

082,000 980 1™/ 

381,000 595 / W8 \ 

742,000 1160 . 

880,000 618 454 

347,000 542 300 

93,000 140 487 

255,000 400 420 

202,000 410 470 

43,000 07 446 

07,000 162 511 


0 IB 0-11 -15 60 
0 096 0 8 -10 78 

.180 

0<003 0-08 -14 105 
0< n 43 0-04 -7 05 

0-078 0 07 -4 300 
0 09 0 07 -22 110 

0-186 0-17 -8 05 

0 08 0 00 -3 51 

0119 012 +2 78 


Proportion of Bus Traffio.—Table II shows that although the motor- 
bus traffio is only on an average -22 of the number of vehioles using 
the roads, the income would be, on the fd. per car mile basis, £4-24 per 
mile as against a total cost of £464. The numbers of motor lorries, 
light tractors, and traction engines are increasingly using these roads 
at a rate varying from 141 per oent. to 590 per oent., and the inorease 
in the total number of all classes of vehicles is varying from 51 per oent. 
to 300 per oent. Yet with all this increase of traffio, the rate of wear 
of the pavement, whioh is in every oase soft wood, gives a dear indica¬ 
tion that the weai is at a less rate compared with the three years prioi 
to 1909, when there was mainly horsed traffic using the streets. There 
are three cases where the income would be much less than the aotual 
oost of repairs, but it will be noticed in these cases that the percentage 
of motor buses to the general traffio is small; where, however, it approxi¬ 
mates to 20 per cent, of the general traffio, it is about as muoh as the 
total cost of repairs. 

Wear Decreasing.—It is therefore permissible to suggest that where 
a road is formed of material whioh is suited to the traffio, the wear is 
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not as great as was tho case under horsed traffio, the pounding of the 
horses’ iron shoes doubtless bojng a considerable faotor; or it may bo 
that the extensive use of rubber tires contributes largely to tho re¬ 
duction, tho rubber wearing rather than the surfacing material of 
the road. 

This is a confirmation of a oonolusion which was arrived at by a 
committee appointed by tho Chamber of Deputies in Franoc as far 
back as 1831: “ Steam vcliiolos weighing 4 tons fully loaded and 

running at an average speed of 10 miles per hour, with larger wheels 
than other vehicles, do not destroy tho road surface like tho hoofs 
of animals, and cause loss injury to the road than horse-drawn 
vehioles ” 

Traffic Increasing. —A further examination of tho figures will be 
instructive. It would be natural to expeot that tho number of motor 
buses that have substituted horsed buses would have been fewer 
in number, had they only taken the same traffio as the horsed buses; 
but it will be seon that they have greatly exceeded tho number of horsed 
buses, and it must bo therefore anticipated that other classes of traffio 
will similarly increase with their increasing popularity. It is evident 
from the figures given that this is aotually the case. The number of 
oommeroial motor vehicles is far in exooss of the vehicles that were 
used in 1909 (Table IIa.). 


Table IIa. 




Number of 

Number of 




Motor Lornos, 

Motor Lorries, 

T 



Traotors, and 

Tractors, and 

lnoroaso in 
Fivo YoaTs. 



Traction En¬ 

Traction En¬ 




gines. 

gines. 




19H. 

1909. 

por cent. 

Fulham Road, Broadway . 

# 

858 

168 

410 

„ „ Fulham Park Rond 

371 

132 

250 

Putney Bridge . 


1061 

300 

246 

Harwood Road . 


662 

90 

590 

Fulham Palace Road . 


085 

144 

584 

New King's Road 


770 

210 

270 

Dawes Road 


441 

108 

309 

Lillie Road .... 


530 

222 

141 

Wandsworth Bridge Road . 


285 

102 

180 

North End Road 


219 

54 

305 


Cost of Maintenance per Vehicle. —The total oost divided by the 
number of vehioles is equal to -j^d per vehicle mile. This therefore 
represents tho cost of the wear of the road by vehioular traffic, 
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Cost of Maintenance per Ton Mile. —If, however, we take weight as 
a factor instead of the vehicle, then it works out at ^d. per ton mile. 

Suppose a motor oar weighing 1 ton travels 10,000 miles per annum, 
then the oost of the damage or wear to a suitable form of road structure 


would be 


10,000 x 1 
33 


£1, 5s. 3d. per annum. 


If a motor bus weighing 


6 tons travels 30,000 miles per annum, the damage is represented by 
£22, 17s. If a motor lorry weighing 4 tons and a load of 6 tons averag¬ 
ing 7% tons travels 40 miles per day, i.e 90,000 ton miles, the cost is 
£12, 4s per annum. 

Basis of Oost of Maintenance. —This is based on a pavement costing 
8s. to renew every fifteen years, and a repairing bill of 3d. per superficial 
yard per annum, bringing the total oost to 9*4d. per yard per annum 

But the cost of maintenance is not in true proportion. For example, 
in other roads there may be only one quarter of the traffio, and as the 
pavement may last four times the length of time, it would not be possible 
to assume that a pavement would last sixty years; the limit of its life 
should be twenty years The oost of repair may bo reduced to about 
l^d. per superficial yard. Basing the figures on pre-war standards, the 
bituminous pavement costing 5s per superficial yard represents 3d. per 
superficial yard per annum, added to l£d per superficial yard for repairs: 
the cost is 4$d. per superficial yard per annum. Instead of the width 
being 30 feet, assume it to be 7 yards; then the cost of maintenance 
would bo £231 per mile. One quarter of the traffic per foot would oost 
=•08 per ton mile. Thus a motor oar of 1 ton, travelling 10,000 miles 
per annum, would oost £3, 6s. 8d., the motor bus on the basis 
mentioned above would oost £60, and the motor lorry £30. 

Assuming, therefore, that every vehiolo was taxed at the rate of 0*08d. 
per ton mile, the revenue that would be reoeived would bo sufficient 
to pay for the maintenance of the roads that wore traversed on the above 
basis, provided that the roads were built with a suitable structure at 
pre-war rates. 

For a comparison of actual maintenanoo oosts see page 70. 

Decreased Running Expenses on Good Surfaces.— It will be gathered 
later that with an improved surface the saving in oost of the running of 
petrol-motor vohioles would be so considerable that, if a tax is to be 
levied, a far greater tax could be imposed than was the oase in 1914, 
without increasing the owner’s total running oost. There seems no 
justification for limiting the tax to the petrol vehioles, as the other types 
of vehicles wear the road to an equal extent with the same weight. It is 
also shown that the steel-tired vehioles do muoh more damage to the 
road surface than rubber-tired vehioles, and these vehicles might there- 
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fore be more severely taxed than rubber-tired vehioles. There oan be 
little doubt that if a tax is to be plaoed on vehioles, it should be on all 
vehicles, and proportioned to the load and mileage travelled. 

The complaints of motor buses doing the damage to the roadB arises 
from the faot that these buses travel with regularity on a oertain fixed 
route, and the frequency of the service causes the damage to be apparent 
at an earlier date than would have been the ease if their route had been 
constantly varying over many different roads. Wherevor these or other 
vehioles of a similar or of a lighter or heavier olass run over a macadam 
road with similar frequency, the same results would appear. It is interest¬ 
ing to learn the number of heavy vehicles. In 1913-11 the census taken 
indicates that the number of heavy motors was 18,005. Of this number 
the estimated number of motor buses was 5000, but 3000 were con¬ 
fined to the streets of London, and a proportion of the remaining 2000 
were probably confined to the paved streets of the provincial towns. It 
is, therefore, a numbor under or about 2000 motor buses that liavo done 
the damage that is complained of. But there are 13,000 other vehioles 
whioh are probably of a heavier type than the motor bus. Those are 
also to some extent confined to the large towns ; but assuming that half 
of them travel on the roads outside the London area, they then number 
three and a half times the motor buses, and must have done equal 
damage to the roads; but that damage has been spread over a muoli wider 
area, and is not so soon apparent, but the damage will appear later on. 
The War Department is, according to the Press, in possession of anything 
between 50,000 and 100,000 motor vehioles; these are to be released, and 
will doubtless be used for commercial purposes. The greater proportion 
of the vehicles used by the War Department were built on similar lineB 
to the motor-bus chassis, and if only 50 per cent, of the smaller of the 
estimated number of vehicles are released and put on tho roads, there will 
be twelve and a half times the number of motor buses, or four times the 
number of the hoavv motors other than buses running on the roads, and 
the damage that will be made apparent on any road that is not provided 
with a suitable structure may be easily imagined. 

Traffic Damage to Roads. —So severe has been the effect of this 
traffio on the unsuitable road surfaces existing, that it has been suggested 
that there should be a demand made on the railways to givo better 
facilities and oheaper freights, in order that the roads need not be sub¬ 
jected to the heavy traffio, whioh self-propelled vehioles are able to deal 
with more economically by road, and thereby entioe this traffio from the 
railways. The war has, however, strengthened the hold of motor 
vehioles on the business publio; the Government has made a huge demand 
for vehioles of the commercial type,, and their value for war purposes 
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lias proved inestimable. So that from all sides there is a definite opinion 
that motor traffic after the war will be very great, and the roads will be 
subjected to a muoh severer intensity than has ever been the case in 
the past. 

Railways and Traffic. —Whether railway companies will alter their 
methods and revolutionise the system of dealing with goods fcraffio is a 
question that affects the road problem, and it will not bo out of place 
to examine in some more or less general manner whether it is actually the 
case that motor vehicles seriously compete with railways. 

Necessity for Economy.— It is obvious the war has so drained the 
finanoes of the oountry that it is absolutely necessary in the interests 
of the public that economies be effected in every possible direction. 
If motor vehioular traffic is not economical, the trader will be the first 
to reoognise the faot and adopt the cheapest form of conveyance for bis 
goods to his customers. 

Advantages to Motor-Vehicle Owner. —Where a trader employs his 
own motor vohiole, there are a number of advantages that are at once 
apparent, to which it will be difficult to give or even estimate a cash 
value. They are (1) the certainty of delivering within a known time, (2) 
reduction in the number of times the goods are handled, (3) less damage 
to goods, and (4-) the goods are under the direot control of the trader until 
they are placed with the oonsumer. These are distinct advantages 
wliioli cannot bo overrated, and arc potent faotors wliich are difficult to 
counterbalance except by clear advantages in the freight charges. 
Railway companies will no doubt be able to mako economies in freight 
ohargos, but it will involve drastio alterations, and these alterations arc 
probably extremely diffioult to oarry out on a comprehensive soale, 
ospooially in systems which are old and established. Co-operation on all 
sides would be necessary. Structural alterations require large capital 
expenditure, and if previous capital expenditure has not been wiped off 
by means of depreciation, the offeot is to inoreaso the cost unless the 
ooonomies are on a commensurate soale. 

Oompanios may oomo into agreement as to a policy; they equally can 
come to an agreement as to tho charges, and these maybe made unfavour¬ 
able to goods oarriod, ospooially if there is no other means of counter¬ 
acting it—for example, by competition ; the competition is to be found 
in transport by road. 

Railway Costs.- -In order to study the oharges made for the oolleotion 
and delivery of merchandise and minerals, the Board of Trade returns of 
railway administration are available for 1913. From these returns the 
following particulars are extracted, and from them the deductions have 
been made:— 
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The total authorised capital is £1,400,000,000 

„ expenditure per annum . . . 81,224,000 

„ mileage travelled . . 412,520,000 

„ income from goods of all kinds . 66,640,000 

of whioh £33,000,000 is for the carriage of merchandise (less expenses 
for collection and delivery to and from the railway). 

Receipts per Ton. —The average receipts per ton wore as follows :— 
from merchandise, 9s. 0-6d.; from minerals, 2s. l-7d. 

The mileago travelled by goods trains was— 

Loaded. 140,449,000 tons 

Empty. 21,235,000 „ 

Shunting, etc. . . . 119,142,000 „ 

Thus the mileage for shunting and empties is ]ust about equal to tho 
loaded-train mileage. 

Tonnage of Goods carried.— If the tonnage of goods carried is taken 
as the amount originating on any ono system, it equals 372,037,000 tons, 
or a trifle over 2*3 tons per train mile; and as the receipts are 98-86d. for 
goods, it is evident that 3s. 7d. is the value of the receipts per ton. 

But the receipts from merchandise =108-6d., and the receipts from 
minerals are 25-7d. per ton, i.e. in the ratio of 4-22 :1. The tonnage is 
73 millions of merchandise and 299 milli on tons of minerals; the ratio 
is 1 :4-1. 

Average Train Mileage. —Assuming that the freight charged for 
minerals is 0-5d. per ton mile, then tho average freight of merchandise 
would have been 2-lld. per ton mile, and those figures dividodinto tho 
reoeipts give tho average mileage per train of 51-40 for minerals and 51-47 
miles for merchandise, or an average of 51*4 miles for all goods train 
journeys. 

Having obtained the average journey, the load being 372,037,000 
tons, the ton mileage is 19,123,000,000 ; this divided by the train mileage 
= 135 tons per train. 

Thus if the average train is made up of thirty-four truoks, there is an 
average of 4 tons per truck. 

Approximate Cost of Collection and Delivery.— The cost of collection 
and delivery at eaoh end varies considerably, but an average of 3s. per 
ton seems to be fair, and if 1 mile is added at eaoh end, the total distance 
is 53-4 miles and beoomes equal to l-35d. per ton mile, or a total of 3*46d. 
per ton mile. 

Approximate Cost of Motor Vehicles. —A motor vehide costing at pre¬ 
war rates £600 and oarrying 4 tons on good and suitable roads would 
not run to more than 8d. per oar mile out and home, or Is. 4d. per oar 
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mile for the loaded journey, %.e. 4d. per ton mile. The heavier the load 
the less oostly will he the journey, and it is therefore seen that as the 
trader would huild his vehiole to suit the goods ho has to carry, it may 
easily follow that as the motor vehiole costs no more to carry 4 tons of 
material of considerable density or 4 tons of light density, the advantage 
is more likely to he in favour of road transport. 

Railway Rates for Goods.— From a railway rates book it will he 
found that goods are divided into classes, and, without going too 
closely into the matter, the rates for goods to two towns are taken :— 




108 Milos. 

31 Milos. 

Class 

B 

. -0(3d. per ton mile 

2-0d. per ton mile 

99 

0 . 

. l-00d „ 

3-0d. „ 

99 

1 . 

■ M5d. „ 

3-4d. „ 

99 

2 . 

■ 2-00d. „ 

4-0d. „ 

99 

3 . 

. 2-70d. „ 

4-Gd. „ 

99 

4 

. 3-00d. „ 

6-0d. „ 

99 

5 . 

■ 3-BOd. 

7-0d . 


Class B and C aovors various classes of minerals. 

„ 1 oovers damp-proof felting, offioe furniture, belting, etc. 

„ 2 „ newspapers, oonfeotionory, oto. 

„ 3 „ hardware, hioyolos, fenders, macliinos, etc. 

,, 4 „ clothing, onamollod ware, leather, eto. 

„ 5 „ mouldings, bedding, beds, etc. eto. 

Comparison Motor v. Railway Transport.— Add to these oharges the 
collection and dolivery charge of -GCd. per ton to those governed by the 
distanoo of 108 miles and 2-32d. to those governed by the distance 
31 miles, we have all classes of goods oarried more cheaply by rail for a 
distance of 100 miles, but whoro the distanoeis within the ordinary range 
of a motor vohiolo it is oven oheapor to carry all olassos of goods by road 
transport. When the case of a heavy motor and trailor is con¬ 
sidered which oarrioB 10 tons, the running oosts would not bo more than 
2s. per loaded vehicle mile or 2-4d. por ton mile, whioh is still more 
favourable. 

There is another aspect of the case: the averages for goods are given &b 
4 tons per truok and the distanoe oarried is 51*4 miles, but the tonnage of 
merchandise is in the ratio of 4-1 to 1 of minerals, tho mileage being the 
same; tho tonnage of merchandise should therefore be 26-4 to 108*6 of 
minerals, or 10 trains of 13B tons eaoh of merchandise to 41 trains of 
minerals. It haB been stated that the tonnage of merchandise is below 
4 tons and more nearly works out at a’n average of tons, and that the 
mineral truoks are loaded to the average of 9 tans. The journeys fox 
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merchandise must therefore be muoh longer and approximate more 
nearly to 80 miles, while the journey of the mineral train must bo shorter 
and approximate to 22 miles. This means that instead of 10 trains of 
morohaudise to 41 of minerals, the ratio is 15-4 trains of merchandise 
to 16-6 of minerals, or a roduotion of 37 per ocnt in the total number of 
trains. 

This brings tho avorago of the oost from door to door to 3'01d. per 
ton mile. But this does not alter the contention that has been put 
forward, that for distanoos within the radius of the motor vohiolo the 
cost of oarriage from door to door is in favour of road transport. 

Railway Methods Unsatisfactory. —It has been put forward that 
railway methods are antiquated, and that under a different system 
not only would goods be more expeditiously delivered, but a greater 
amount of material oould be dealt with and greater effioienoy secured 
generally. There is little doubt that alterations are being gradually 
made, but undoubtedly there is room for oonsidorablo improvement. 
The writer has had to wait three days for goods to come from the north 
of London to the south of London, and three weeks from Lancashire 
to the outskirts of London. There must be some defect in such a system, 
and it must be possible to arrange a method whereby goods could be 
delivered the following day after aooeptanoe, just as passengers oan be 
and are oarried. While suoh delays oontinue to exist they are a distinot 
enoouragoment to traders to invest in oommeroial motors, and in conse- 
quenoe an improved form of road surfaoe whioh will withstand suoh 
traffio in a satisfactory manner is absolutely neoessary. The full advan¬ 
tages and benefits of an even and satisfactory road surface will only 
bo reaped when it is m first-olass condition. 

Other Views of Railway Methods.— Other investigators of railway 
working have given a muoh worse view than is represented by the above. 
It is oven represented that 97$ per oent. of the trucks on railways are 
lying idle during the year, and this is attributed to the waste of time 
involved by the methods that are in vogue for shunting, etc Clearing 
houses are suggested, and automatic transfer of goodsfrom truok to truck; 
but so far as the writer has examined the proposals they are not too 
dearly demonstrated. At the same time it must be admitted that there 
are advantages to be gained by an automatic transfer of goods; especially 
as it is indicated in the Board of Trade returns that the mileage of 
shunting, eto., is within 80 per cent, of the loaded journeys, and it is 
therefore probable that the loss of time in delivering goods ooours in those 
plaoes where shunting has to be oarried out. 

Regulations as to Use of Roads. —The road is publio property, being 
designed, built, and maintained in the interests of the publio, and yet 



12 


MODERN ROAD CONSTRUCTION. 


the designer of the road rarely, if ever, consults or is consulted hy the 
user, who has a free hand and, at the present time, may plaoe on the road 
any olass of horse-drawn vehicle he pleases With regard to motor 
vehioles, he has to conform to certain regulations, particulars of which 
are given later, whioh define and limit the loads they are permitted to 
carry, the width of the tires, eto. 

These regulations may be very desirable, but if they are not enforced, 
and the vehicle only tested before it is placed on the road, or at a time 
when it is not bearing its usual load, they are not as valuable as they 
might be. 

There is no doubt that there must be limits whioh should be strictly 
adhered to. 

Conference of Designer and User. —With reference to the question 
of the designer and the user conferring, although it is true that they 
rarely have the opportunity for so doing, there is obviously no reason 
why opportunities should not be made. 

The International Road Congress is the only institution that has 
seriously attempted to bring the two together, and it is probable that 
this congress will m time be the means of giving to the legislatures of 
the various countries a ]ust guide to the conditions applicable both to 
the designer and to the user of the road. 

Comparison with other Track Methods. —If we examine into other 
olasses of roads, we shall find, for example, that the designer of a rail¬ 
way would not lay down the lines of his track without ascertaining the 
limits of the locomotives that are intended to be used upon it. 

Grades of Roads. —In modern schemes of railway oonstruotion the 
steepest grade, that should under no circumstances be exoeeded, is 
settled after a most careful investigation has been made by the looo- 
motive and engineering departments, and is very rarely greater than 
1 in 150. It is usual to select a grade that oan be used as far as possible 
throughout the system, either upwards or downwards, with level or 
comparatively level stretches in between. However, in road construc¬ 
tion there is no limit to the inclination of the road, and grades of 1 in 
5, 1 in 6, 1 in 8 are quite frequent. 

India. —In certain parts of India, notably the north-west frontier, 
the military authorities design their roads and oonstruot them so that 
the grade is limited to feet on 100 feet or 1 in 22 ; here the designer 
and user are in oontact, and hence the roads are built to meet the speoial 
requirements. This grade is not excessive, and is one that might well 
be adopted as far as possible as a limit in this and other countries. 

Power to draw Loads on Grades. —Such a reduction would greatly 
benefit the users, as will be seen from an examination of the accompanying 
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diagrams (figs. 1 and 2), wbioh show graphically how, in one oase, the 
power required to be exeroised by a horse to draw a load of 1 ton 
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1 ton over 1 mile at 2$ miles per hour_ 

gradually increases as the grade increases from the level up to 1 in 
20 in a fairly oonstent ratio, but after this limit the power required 
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increases very rapidly and in a much higher proportion. In the other 
illustration (fig. 2) there is a graphio representation of the oost of 
traotion of vehioles at the rate of 10 miles per hour and miles 
per hour; the oost inoreases gradually up to a grade increase of 
1 m 50, but after 1 in 20 the inorease is abnormally in a high 
proportion. 

Limiting Grade. —It is dear from an examination of both diagrams 
that* the grade of 1 in 22, mentioned in a previous paragraph, should 
be the limit, and that any inorease should be adopted only when the 
oiroumstances absolutely prevent the more favourable grade. The 
strain is as severe on meohanioally propelled vehicles as it is on 
horse-drawn vehioles. 

Effect of Surface Material. —The diagram (fig. 1) also inchoates the 
effect of the material whioh forms the surfaoe of the road : a maoadam 
surfaoe gradually decreases the effective power of the horse from the 
level to the grade of 1 in 20, after whioh the decrease is muoh 
more rapid; while in the oase of asphalt, or surface similar to 
that of asphalt, the deorease is in a greater but a more constantly 
decreasing ratio. 

Limit Grade for Asphalt. —If the effective power of the horse at 
a grade of 1 in 20 is taken as the limit, this powor is seen to be exerted 
on asphalt when the grade is 1 m 60. Whether it is that horses are 
beooming more acoustomed to the asphalt surfaoe or whether it is 
that they are not so heavily taxed as to the loads they have to draw, 
on aooount of the advent of motor vehioles, it is the oase that there 
are many examples of a grade of 1 in 40, and 1 in 27 is not rogarded 
as unusual. 

International Road Gongress on Grades and Curves.— The Inter¬ 
national Road Congress held in London in 1913 thoroughly disoussed 
the question of grade, and oame to no definite oonolusion as to the 
limit, because roads in hilly or mountainous districts would bo extra¬ 
ordinarily expensive if even a grade of 6 per oont. was the limit; henoe 
their oonolusion: “ Gradients on new roads should be as easy as possible 
having regard to the physioal character of the oountry through whiqh 
they pass, and they should be easier where there are ourves, trams, or 
a preponderance of heavy traffio.” 

The curves on roads were another important part of road oonstruo- 
tion dealt with, and it was resolved that “ although it is difficult to oarry 
.out the form of the contour of a road in many instances in oonformity 
with the centrifugal forces, so that the outside of the curve should be 
super-elevated, it is desirable that whatever super-elevation can be given 
to a road at the ourve, it should be done even if the whole oontour of 
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the road is altered.” When the curve enters a falling road at a junotion, 
it is difficult to carry out any alteration. Apart from this point, “ the 
radii of curves of roads used by fast traffio should, whore practicable, 
provide the best possible and an unobstructed view; and where this 
is not possible, means should be provided whereby the approach thereto 
is in some way inchoated.” 

Obstructions in Roads. —A matter whioh is notioeable on some roads 
is the placing of lamp standards or tramway poles to support overhead 
wiring in the oentre of thoroughfares. This olass of obstruction is not 
only objectionable to traffic and a source of danger, but it also materi¬ 
ally increases the cost of maintenance. The road is made with a 
regular contour from side to side, but as these posts are placed at 
frequent intervals, they practioally prevent the traffio using the 
oentre of the road, whioh is in consequenoe not worn, and the traffio 
concentrates on the two sides. Traffic whioh is made to concentrate 
on a narrow width forms a track, and the wear is more severe than 
it would be if it was allowed to have the full width of the road 
surfaoe; the road therefore requires more frequent repair, and still 
more on aooount of the difference in alteration of oontour due to the 
centre of the road remaining as it was originally laid. 

These obstructions necessarily slow up the traffic, beoause they 
oannot pass each other with the same ease they are able to do on a 
clear road. 

The Internatioifal Congress on this point has a resolution :— 

No obstruction of the publio highway should be permitted, either 
by vehicles standing unreasonably or travelling at an obstructing speed, 
or by things placed on the highway.” 

There are, of oourse, necessary and advisable obstructions suoh as 
at dangerous junctions of roads or at curves where it is advisable to 
cause vehicles to keep to their own side of the road, and in very 
wide loads, it does not seem unwise to provide occasional refuges with 
a lamp whioh not only acts as a refuge for foot passengers desirous of 
passing across the road, but may incidentally divide the road into three 
parts, the centre being monopolised by through fast traffio. 

Meaning of Heavy,’’ etc.. Traffic. —In this work there are many 
occasions when the terms “ moderately heavy ” or “ heavy ” traffio 

are employed, and it is somewhat confusing to know preoisely what 
the terms mium J 


a comBQ * fctee British road engineers, and 
wbautted to the third Road Congress, were as follows 

or he&rj ve ^ c ^ eB P® r day, inoluding an occasional engine 
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Medium traffic=70 to 250 vehioles per day, inoluding not more than 
5 per oent. of engine, heavy motor, or similar traffio. 

Heavy traffio =250 to 600 vehioles per day, of which 5 to 10 per 
oent. is similar heavy traffio. 

Very heavy traffio=above 600 vehioles per day, and not loss than 
10 per cent of similar heavy traffio. 

TRACTIVE EFFORT ON SURFACES. 

A number of experiments were carried out by Dr A. E. Kennedy 
and Mr O. B. Sohuring of the Massachusetts Institute of Technology 
in 1916, with the objeot of compiling a reoord of the traotivo offort 
required for various surfaoes. The experiments were made by using 
an electric delivery van weighing less than half a ton and equipped 
with solid tires, roller bearings, worm drive, and differential gearing. 
Laboratory tests proved the meohanioal efficiency of this maohinc 
from battery terminals to the wheel rims to bo betwoen 60 and 76 
per oent. 

Tar Macadam. —On tar macadam in good oondition and wet, the 
traotivo resistance east-bound varied between 27 lbs. at 12 milos por 
hour to 30 lbs. at 15-5 miles per hour; west-bound the tractive effort 
varied between 20 lbs. per ton at 10 miles per hour and 24 lbs. per ton 
at 14 miles per hour. 

Asphalt. —On an asphalt road in fair oondition the traotive effort 
of 20 lbs. per ton was required at 10 miles per hour up to 24 lbs. 
per ton at 15-5 miles per hour. With the asphalt in poor condition 
the traotive effort was increased by about 10 per oent. Eliminat¬ 
ing the air resistance, a oonstant traotive effort of 17 lbs. per 
ton was required betwoen 10 and 16 miles por hour on asphalt 
pavements. 

Wood Pavements. —Similarly on wood pavements the traotive 
effort ranged from 22 lbs. per ton at 10 miles per hour to 24 lbs. at 14-5 
miles per hour. 

In general, eliminating wind effeot, the resistance of wood-blook 
paving was about 15 per oent. greater than that on asphalt. 

Brick Paving. —Briok paving in good oondition showed a slight 
inorease in resistance over wood blooks, and with the bricks slightly 
worn the resistance ran somewhat higher. Tar maoadam in good 
oondition showed the same resistance as an ordinary water-bound 
maoadam with a fine surfaoe in good shape. A 50 per cent, 
inorease resulted from a maoadam road in poor oondition through 
holes. 
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Heavily Oiled Macadam Roads. —The resistance of heavily oiled 
maoadam roads was rather high, and between 7 and 13 miles per hour 
on a freshly tarred soft road the resistance varied between 32-5 and 
35 lbs. per ton. 

Gravel and Cinder Roads. —Gravel and oindcr roads showed about 
10 or 15 per oent. more resistance than good maoadam. 

Granite Blocks.—Granite-bloolc paving proved to be the worst road 
for meolianioal traction, a road of this type over a oonorete base, but 
with sand and gravel interstioes, showing two and a half times the re¬ 
sistance of asphalt or wood blocks, the resistance of a granite-blook 
pavemont with oement joints being about 60 per cent, greater than 
that of asphalt. 

With a granite road the resistance increases with speed when the 
still air resistance is eliminated due to impaot resistance. Asphalt, 
as stated, gives a straight line curve of tractive effort and speed between 
10 and 15 miles per hour. 

Tractive-Effort Table. —Tlie following table is compiled from statistics 
that have been made public from time to time. They are evidently 
approximate, and may oven be misleading unless we know the exaot 
condition in which the road was at the time the tests were made, and 
whether allowances were made for air resistance. 

It seems desirable that systematic tests should be made on specially 
seleotod roads with suitably designed bodies so that the effort might 
be defined accurately. It will bo notioed how air pressure affeots the 
figures by the example above; in one direction the traotive effort was 
about 20 to 25 per cent, greater than when the vehiole was travelling 
in the opposite direction. 


Table III. 


Road Surface. 


Ratio of 
Traotive Effort 


Asphalt road (level) . 
Wood pavement 
Tarred maoadam 
Maoadam (dry) . 

„ (small hollows) 
Sett-paved road (dry) 

„ „ (wet and 

muddy) 


1-00 

1-20 

2-00 to 2-60 
2-00 „ 2-60 
3-60 

1-60 to 2-60 
3-00 


The speed of the vehiole has an appreciable effeot on the tractive 
effort. This is shown in the following table :— 
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Table IV. 

Tractive Effort in Lbs. per Ton. 



1 

5 

10 

12 

14 

15 5 

l?i 

Surfaco. 

Milo 

Milos 

Milos 

Miles 

Miles 

Milos 

Miles 

per 

per 

per 

per 

per 

Hour. 

per 

por 


Hour. 

Hour. 

Hour. 

Hour, 

Hour. 

Hour. 

Railway. 

0 






27-5 

Tram roils .... 

Asphalt (good).... 

12 

12-25 


17 




„ (poor) .... 
Maoadam (dry) 


42 

40 

10 

50 



„ (soft mud on surface) 


77 

02 

, . 

100 



„ (small hollows). 

„ tar ... 


03 

• • 

27 

75 

30 


Wood paving .... 



22 

, . 

24 



Sett paving 

Concrete. 



3i 

42 

50 



„ f-in asphalt oil ooat 



51 






and screenings 


These tables demonstrate forcibly that if a road is dry clean and has 
a good surface the tractive effort is considerably reduced, and the nearer 
the surface approaches to that of asphalt the leas power will be required 
to propel the vehicle and the benefit be in favour of the user. Equally 
will it benefit the authority that has the maintenance of the roads under 
its control, because the wear will be reduced with the traotive effort. 

Fig. 3 shows in a graphic form the tractive effort required to propel 
a vehiole on a steel rail at various speeds, and also the comparative effort 
on asphalt and macadam. While it is impossible to oxpeot road surfaoes 
to be of steel, it is evidently desirable to try and attain, by means of 
cheaper material, a surface approximating to steel, and probably the 
nearest is asphalt and wood paving. It is dear that macadam is un¬ 
satisfactory, and from Table m. (p. 18) it is much worse when in a wet 
and muddy condition, and is equally bad when the surfaoe is uneven. 

Assuming that asphalt is the unit, then the tractive effort on maoadam 
is from two to six times greater. It must not be assumed that if asphalt 
was substituted for macadam there would be a saving of half or five-sixths 
of the fuel used to drive the vehiole. The power developed by an engine 
is expended in a large degree in overcoming the resistances or Motion 
in the bearings and transmission gearing, together with the resistance of 
bhe air on the body of the vehicle ; but the reduction can fairly safely be 
jaid to save 10 per cent, of the fuel used in its propulsion. 

Effect of Tractive Effort on Tires. —Tractive effort has a direot pro¬ 
portional effeot on the wear of the tires; in oonsequenoe a reduction of 
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one-half to one-sixth of the traotive effort will have a proportional 
influenoe on the wear of the tires Tires are, however, more generally 


t3 

J2 

t 

<2 


\ 



afEeoted by the frequent sudden application^ the brakes; apart from this 
wear, the results would be as suggested. 

Uneven-Surface Effect on Vehicle. —Again, an uneven surface such as 
is common to maoadam roads which are subjected to moderate or heavy 
motor traffic is the frequent cause of damage to the vehicle itself; the 
constant j string will have an eventual effect on the engine, beatings, and 
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gearing, lienee not only are repairs more frequent, but the life of the 
vehicle is shortened. 

Economy resulting from Good Roads.— Talcing the four items and 
assuming the percentages in the brackets as the saving to be effected by 
the improved and even surface suoh as would be given by asphalt, we 
have fuel (10 per oent.), tires (50 per cent.), repairs (20 per cent.), and 
depreciation (20 per cent.). 

This is seen more clearly by a typical oost example of the running of 
a commercial vehicle prior to the war, 1 as shown in Table Y. 

Table V. 



* 

Oost on 
Average 
Surface. 

Improved 

Surface. 

Tires 

rf. 

por cent. 
22 

per cent. 

2 

11 

Petrol .... 

1 

11 

10 

Oil, groose, etc. 

0 l 

1 

1 

Registration, lioonoe, etc 

0-2 

2-3 

. 2-3 

Establishment nhorges 

0-45 

r> 

j 5 

Oarage 

0-45 

r> 

1 5 

Driver 

1-7 

19 

19 

Repairs .... 

0*8 

9 

7-2 

Depreciation . 

2*0 

22 

17-6 

Sundries. 

0-3 

3*7 

3-7 




Surplusl8-2 


( per 1 




9d-| oar 

100-0 

100-00 


(mile 



The saving is represented by the item in the third oolumn marked 
“surplus,” and is plaoed under this heading separately, because it 
enables one to judge as to what amount oould be plaoed under any other 
heading without increasing the cost, e.g. petrol before the war cost 
9d. per gallon; it is dear that Is. 9d. per gallon oould bo paid for petrol 
without it affeoting the oost of running per mile if the roads had an even 
and regular surface. 

Other Advantages. —There are other advantages which have not to 
be lost sight of: the average speed of the vehicle would be increased 
because the delays would be reduoed; with the reduction of repairs 
the need for “ spare ” vehioles are not so necessary; there is less damage 
to goods being conveyed. 

Unification of Transport.— There can be little doubt that although 
motor transport on roads is a serious competitor to transport by rail 

1 The actual or present running costs of an army 3-ton lorry are, everything 
included, no more than Is. 3d, per oar mile, 



22 


MODERN ROAD CONSTRUCTION. 


(however rail transport may bo improved, and it must be admitted that 
this is not only possible but probable), there will in the future be suoh an 
arrangement that both will work in conjunction with each other. It 
may bo, also, that oanals or inland waterways will be brought into more 
prominent use than hitherto ; but the disadvantage which applies to rail 
or water transport is in the handling of the goods from one vehicle to 
the other. There is an advantage to some consignees in keeping the 
goods in the trucks at their sidings ; but it is open to doubt whether this 
advantage is in the interest of the community, and if storage accommoda¬ 
tion was available at the promises to which they are consigned, it would 
not require much alteration in the system of unloading the truck, whiob 
could bo done whilst it formed part of the train. This would involve 
quicker handling at the various local stations, and would involve more 
vohiolos being employed on the roads ; but their use would be confined 
to the looality, and would necessitate improvement of the looal roads. 

From whatever point of view the subject is discussed, the need foi 
improved road surfaces is apparent, and must in the immediate future 
demand attention. 

Advantages of Asphalt Surface. —Roads with steep gradients are nol 
usually paved with asphalt, on aooount of the laok of grip, or slipperiness 
but oven these gradients may with some advantage be paved with asphalt 
because it is a Burfaoe that does not hold water very long, it dries oui 
quickly, and it is free from mud, wliich is a factor of slipperiness; anc 
furthor, in oonsequonoe of this quiok-drying characteristic it is not s( 
easily affected by frost, as in other oases a film of ice is seen on th( 
surfaoo, making it dangerous for traffio. 

Effect of Wheels. —An examination has been made of the effect o 
diameter of wheels on the traotive effort. The following table shows th 
variation in the case of throe wheels having different diameters:— 

Diameter. 60 Inohes. 28 Inohee. 28 Inoh.es, 

Traotive effort (lbs. per 67 61 70 

ton) 


And also in respect to the width of the tire :— 


Width, of Tire. 1J Inohes. 6 Inohes. 


Tractive effort (lbs. 
per ton) 


121 


98 
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The difference of the width on the various olasses of material forming 
a surfaoe does not seem to have any further decreasing effeot. Traotive 
effort, e.g. the lbs. per ton required on bard macadam and loose macadam, 
increases in very Bmall proportion. 

Regulations as to Width of Tire. —In some countries regulations 
are made as to the width of the tires of all vehicles (horse drawn) which 
traverse the publio highways. 

In Bavaria the regulations depond on the number of wheels and 
the number of horses drawing the vehicles, and are as follows :— 


Vehiole. 

Drawn by 

Width in 

Horses. 

Inoh.es. 

2-wheel oarfc 

2 

4-13 

2 „ . . 

4 

6-18 

4 . . 

2 

2 60 

4 „ . . 

3 to 4 

4-13 

4 „ . . 

5 to 8 

6-18 

In Ohio, U.S.A., the regulations 

are dependent on the load 


Tibbs. 


Load. 



Width in 
Inohes. 

2500 to 3600 . 



8 

3600 „ 4000 . 



3* 

4000 „ 6000 . 



4 

6000 „ 8000 . 



6 

8000 



6 


In the United Kingdom the regulations are in the hands of the county 
authorities, and so vary in different countries; in some oases, also, 
there is a different weight for summer and winter use. 

For example, in the case of waggons, the allowance in Cardiganshire 
for a 6-inoh tire is 4 tons 15 owts., in Shropshire the amount allowed is 
6 tons, while in Lincolnshire it is 9 tons 5 owts. 

In the oase of oarts, in Cardiganshire the weight is the same as the 
above, but in Shropshire it is reduoed to 3 tons 5 owts., while in Lincoln¬ 
shire it is brought down to 4 tons 6 owts. These rules, however, are 
rarely oomplied with effectively. 

Highways Act, 1878. —In this country there is the Highways and 
Locomotives Act of 1878, which stipulates :— 
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“ It shall not be lawful to use on any turnpike road or highway 
a locomotive constructed otherwise than in aooordanoe with the follow¬ 
ing provisions ; that is to say— 

“ (1) A locomotive not drawing any carriage, and not exceeding in 
weight 3 tons, shall have the tires of the whoels thereof 
not less than 3 inches in width, with an additional inch 
for every ton or fraction of a ton above the first 3 tons; 
and 

“ (2) A looomotive drawing any waggon or carriage shall have the 
tires of the driving whoolB thereof not less than 2 inohes 
in width for every ton in weight of the locomotive, unless 
the diameter of suoh wheels shall exceed 5 feet, when the 
width of the tires may be reduoed in the same proportion 
as the diamotor of the wheels is increased, but in such oaso 
the width of such tires shall not be Ichs than 14 inohes; and 

“ (3) A looomotive shall not exceed V) foot in width or 14 tons in 
weight, except aH hereinafter provided ; and 

“ (4) The driving wheels of a looomotive shall bo oylindrioal and 
smooth-soled, or shod with diagonal oross-bars of not less 
than 3 inches in width nor more than £ of an inch in thick¬ 
ness, extending the full breadth of the tire, and the space 
intervening between each such cross-bar shall not exoeed 
3 inches. 

“ The owner of any locomotive used contrary to the foregoing pro¬ 
visions shall for every suoh offence bo liable to a fine not exceeding 
five pounds ; Provided that the mayor, aldermen, and oommons in 
the city of London, and the Metropolitan Board of Works in the metro¬ 
polis, exclusive of the city of London, and the council of any borough 
which Iiuh a separate court of quarter sessions, and the county authority 
of any county, may, on the application of tho owner of any locomotive 
exceeding 0 feet in width or 14 tons in weight, authorise suoh looomotive 
to be used on any turnpike road or highway within the areas respectively 
above mentioned, or part of any such road or highway, under such 
conditions (if any) as to them may appear desirable. Provided also, 
that the owner of a looomotive used contrary to the provisions of sub¬ 
section 2 of this section shall not bo deemed guilty of an offenoo under 
this section if ho proves to the satisfaction of tho court having cognisanoe 
of the case that such locomotive was constructed before the passing 
of this Aot, ami that the tires of the wheels thereof are not leBs than 
9 inches in width.” 

It does not state what load has to be pulled, or what proportion 
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the width of tire of the trailer should bear to the load on the trailer ; 
it also does not limit the number of trailers, so that the load per inch 
of tire on other vehioles drawn by the traotion engine may be greatly 
in excess of the traotion engine itself. 

Note. — A Departmental Committee waB formed and appointed 
by the Looal Government Board in 1915 with the objeot of taking 
evidenoe and making a report on heavy motor traffic, and as to 
what extent suoh traffic damages highways, and whether the cost of 
suoh damage should be imposed on the owners of these vehicles or 
on the highway authorities. The Committee has a wide reference, 
and the results of the deliberations are briefly set forth in the follow¬ 
ing reoommendations:— 

“ROAD LOCOMOTIVES. 

“ The Committee do not consider that it would be desirable to reduoo 
the permitted weight of traotion engines, as any suoh reduction would 
inorease the diffioulti.es of dealing with the haulage of heavy loads, and 
while it is doubtful whether it would have the efEeot of reducing road 
damage to any appreciable extent in the case of lighter loads, it would 
undoubtedly tend to inorease suoh damage in the case of heavy loads. 
Commercially it is impossible to prohibit entirely very heavy loads, say 
the Committee, and with suoh loads, heavier engines, if suitably tired, 
do less damage to the roads than lighter engines. 

“ Wheel Bands and Cross-Bars. —With regard to the construction of 
wheels of road looomotives, the Committee recommend that the tire of 
each wheel should be at least 5 inches in width, and that where cross¬ 
bars arc used in driving wheels they should be placed at an angle 
which would secure that for at least one-half of the width of the 
tire there should always be one or two oross-bars in oontaot with the 
road surface. 

“ Theoretically, the statutory provisions in regard to the oonstruotion 
of wheels of locomotives seemed to be opentooriticism,but the Committee 
state that the evidence did not appear to show that they were considered 
to be inadequate by road surveyors generally. One witness, it was true, 
suggested that the provisions should be reviewed, and submitted proposals 
somewhat on the lines of the regulations as to iron-tired heavy motor 
cars, having in view as one objeot the securing of a line of demarcation 
between the locomotive and the heavy motor oar by fixing for the former 
a minimum wheel diameter of 5 feet, and a minimum width of tire of 
14 inohes. An examination of these proposals showed, however, that 
in the oase of large diameter wheels of 5 feet and upwards the result 
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would be very muoh the same as under the existing provisions ; and the 
Committee added that as the traotion engine did not itself carry a load, 
there was not the same need for regulating width of tire according to 
axle load and wheel diameter as there was in the oase of the load-oarrying 
heavy motor. 

“As regards narrowbands on steering wheels, several surveyors alleged 
that damage was caused to the roads by the use of these, though they did 
not all regard the matter as serious ; and as it appoarod from the evidenoc 
of the users and makers that the bands possessed considerable advantage 
in the oase of both road engines and agricultural machines, the Committee 
did not recommend their prohibition. 

“ The damage oaused to roads by locomotive traffic was attributed by 
several witnesses from the road and tramways authorities to the use of 
oroBB-barred driving wheels, and, while the majority of these witnesses 
considered that the cross-bars should be absolutely prohibited, others, 
rooognising the difficulties of prohibition, proposed alterations of the 
size of the cross-bars or the spacing. Witnesses representing the traotion - 
engine industry and the users of heavy agricultural looomotives were 
strongly opposed to prohibition. They described the proposal as 
1 impracticable ’ and * impossible ’; they contended that smooth 
wheels, which were the only alternative, would very materially reduce 
the hauling oapaoity of the engines, would be useless and dangerous on 
gradients and in oertain conditions of the road, and that with such 
wheels the heavy agricultural looomotives could not be used about the 
farms and on the land. One witness asserted that ( the engines might 
as well be scrapped if wo had to use smooth wheels.’ The Committee 
were satisfied that serious damage was sometimes oaused by the oross- 
barrod driving wheels, and they considered that a Btrong case was 
made out for some amendment of the law in this respeot. Total 
prohibition of the use of oross-bars appeared to us to be quite 
impracticable, but they were of opinion that an amendment could 
be made which, without seriously reduoing the hauling capaoity of the 
traotion engine or restricting the use of the agricultural looomotive, 
would nevertheless render the oross-barred wheel less injurious to 
the roads. 

“ In making the recommendations already mentioned, the Committee 
expressed the view that the use of oross-bars should not be permitted on 
wheels of a smaller diameter than feet. 

" Springs. —As tothe suggestion that looomotives should be constructed 
with springs on the axles, the Committee said they considered that such 
a requirement was desirable as tending to diminish the vibration whioh 
was oaused by the passage of heavy engines over the roads. Moreover, 
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tie use of springs was compulsory in tie case of all ieavy motor cars. 
Tiis requirement need not, iowever, apply to road rollers or plougiing 
engines. 

“ Locomotives wiici have been oonstruoted in accordance witi tie 
provisions now in foroo siould not, it is recommended, be required to 
conform witi any new requirements as to construction. 

“Waggons drawn by Locomotives.—The Committee regard aB anti¬ 
quated and unsatisfactory tie provisions witi regard to tie weights wiici 
maybe earned on waggons, oarts,oto., drawn by locomotives, and they re¬ 
commend that these should bo repealed and now regulations substituted, 
based upon those applicable to veiioles drawn by ieavy motor oars. 
They are of opinion that whatever may have boon the reasons for tie 
restrictions between cylindrical and non-cylindrioal wheels, for prescrib¬ 
ing in the latter oase only varying summer and winter weights, and for 
requinng a width of wheel proportionate in tie one oase to the total load 
on the waggon (inclusive of tie weight of tie waggon), and in tie other case 
to the weight on the wheel or pair of wheels (exclusive of the weight of 
the waggon), there was no adequate ground for retaining these distinc¬ 
tions at the present time. 

“ Several road surveyors suggested that the new provisions should be 
based upon the regulations governing the trailer of a heavy motor oar 
which imposed a maximum limit upon the axle weight, and determined 
the width of the tire by reference to axle weight and wheel diameter. 
This suggestion, which the Committee had decided to adopt in principle, 
was not, as they understood, opposed by witnesses representing the 
traotion owners and users, provided that 110 reduction was made in 
the weights permitted under the existing provisions. It was not, in 
the view of the Committee, practicable to require waggons to be 
provided with springs, their feeling being that it was preferable to 
encourage the use of springs by allowing additional weights on spring- 
mounted waggons. 

“The Committee do not suggest any alteration in the existing 
provisions whioh limit the number of loaded waggons drawn by a 
looomotive or authorise the highway authorities to allow upon roads in 
their own areas the oarrying of loads in excess of the weights ordinarily 
permitted. 

“Notice to Highway Authorities. —It was represented to the Committee 
on behalf of the road and tramway authorities that the damage oaused 
by the haulage of exceptionally heavy boilers and other pieoes of 
machinery was at times irrecoverable, because they were unable to trace 
the party responsible for the damage and to establish a oase against him. 
Witnesses proposed that the road authority should be notified in advance 
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of the intended use by such traffio of any road in its area. The suggestion 
generally made was that the notioe should be sent to the county borough 
surveyor, or to the county surveyor, as the circumstances required, 
and that the county surveyor shall be required to notify the borough 
and distriot surveyor conoorned. Rome witnesses proposed that the 
notice should spocify the road intended to be traversed and the day on 
which the traffic was to be expected ; and some of them suggested that 
tho road authority should be empowered to select the route to be 
taken. For a notioe to a county surveyor 72 hours’ notice was desired , 
for a notioe to a oounty borough surveyor, 48 hours’ notioe. 

“ Tho traction-engine owners and users did not appear to objeot in 
prinoiple to the proposed notioe, but they pointed out that oases arose 
where they were unable to give a 72 or 48 hours’ notice, or where they 
oould not conform to a detailed notioe specifying the particular roads 
and the particular day. 

“ The Committeo ruled out aB unduly restrictive the suggestion that 
the road authority should be empowered to select the route. It seemed 
to them to be clear that the notioe, if it was to be of much value, must 
indioato tho approximate route and tho day on whioli the traffio might 
bo expoatod ; and further, that some provision must be made to cover the 
praotioal difficulties referred to by tho users. The oase would, they 
thought, ho largely met if the regulations required such a notice to be 
given, and that wherever practicable tho notioe should bo at least 
72 hours to the county surveyor and 48 hours to the oounty borough 
surveyor, or, in tho case of tho metropolis, tho oity engineer of the City 
of London or the surveyor of the metropolitan borough oouncil, and in 
any event notice should be given before the journey was commenced 
and before tho ongine was allowed to pass from one oounty area into 
another. 

« Speed Limits.—The Committee see no reason for altering the speed 
limit of 4 miles an hour in the country, but express the opinion that the 
limit of 2 miles an hour in towns and villages is calculated to cause 
obstruction and congestion, and should be raised to 3 miles an hour. 

“ HEAVY MOTOR OARS. 

“Tho Committee reoommond that the unladen weight of the heavy 
motor oar should bo raised from 5 to 6 tons, and that the combined 
unladen weight of the oar and trailer should be raised from 6$ tons to 
8 tons. 

“ Other recommendations of the Committee under this heading are as 
follows 
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“ (1) The definition of the unladen weight of a motor oar should be 
amended. 

“ (2) The maximum laden weight and "the maximum axle weight 
should not be altered. 

“ (3) The minimum diamotor for wheels of heavy motors fitted with 
iron, steel, or other hard tires should be raised from 2 feet to 2 feet 

9 inches, and a scale of minimum diameters should be proscribed, 
according to registered axle weight, whore the registered axlo weight 
exceeds 4 tons. 

“ (4) The edges of a tire of iron, steel, or other hard material should 
be rounded. Bevelled edges should not be permitted. 

“ (5) The diameter of any wheel of a heavy motor, which is fitted with 
a solid rubber tire or other tire of a soft or elastic material, not being a 
pneumatic tire, should not be less than 2 feet 6 inches. No regulation 
need be mado as to the size or shape of the tire itself. 

“ (6) The existing law, which permits a motor car to be used to draw 
one trailer only, should be retained. Certain minor amendments should 
be made in the regulations relating to the use of trailers. 

“ (7) The present speed-limit regulations should bo retained, subjeot 
to the following amendments, namely, (a) that the speed for a heavy 
motor oar tired with iron, steel, or other hard substance should not in 
any case exceed B miles an hour; and (&) that where a heavy motor car 
draws a trailer and the wheels of both vehicles are fitted with rubber 
tires, the maximum speed should be 8 miles an hour. 

“ Wheel Diameter and Tire Width. —The Committee state that most 
of the witnesses who discussed the effect of iron and steel tires upon the 
roads expressed the opinion that an incrcasod diameter of wheel was 
more important than an increased width of tire. They add : ‘ There 
appears to be no doubt that any substantial inorcase in the diameter 
tends to diminish the strain on the road due to the pressure of the loaded 
wheel. The reasons are obvious. In the first plaoe, the use of wheels 
of large diameter increases the effective area of the road surface actually 
in contact with the wheels, thereby reduoing the intensity of the weight 
pressure. In order to reduce the weight pressure, the area in contaot 
with the road must be increased either longitudinally by an increase in 
the diameter or laterally by an increase in the width of the tire. Owing 
to the camber of the road, an iron or steel tire which is very wide does not 
secure effective oontaot for its whole width ; the limit of width at whioh 
suoh a tire ceases to be effective is variously given by witnesses at 8 to 

10 inohes. On the other hand, assuming that the road surfaoe is not 
absolutely rigid, it would seem that an Increase of diameter is bound to 
result in an increase of the area in contaot. In the seoond place, where 
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impaot is set up by a vehicle in motion, the larger diameter tends to 
lessen the force of the impact, beoause at a given speed the larger 
diameter reduces the number of revolutions of the wheel, and that 
reduction of the wheel speed has the effect of diminishing the force 
of the impact. In the third plaoc, on a yielding surface the larger 
diameter reduces the resistance which tho vehicle* has to overcome, 
and thereby lessens tho strain on the road due to tho effort the vohiolo 
is making. 

" ‘ It is clear that on a yielding road surface, given tho same amount 
of weight on tho whoel, tho small wheel penetrates more deeply, and 
tho deeper the ponotration of the road surfaoo the greater tho propulsive 
offort tho vohiolo lias to make. On tho othor hand, it has been pointed 
out with oonsidorablo force that an increased diameter involves both an 
inoroaso of tho unsprung weight, due to tho added weight of tho wheel 
itself, and also an increase of tho total unladen weight, duo to tho in- 
oreaso in tho weight of the gearing and axle, rendered nocossary by tho 
inoreaso in tho diameter of tho wheel. Moreover, tlioro arc diffioultios 
in the way of a largor wheol from tlio point of viow of tho height of tho 
platform for loading, and of tho probablo curtailing of load space. We 
are, however, strongly of opinion that tlio advantages of an increased 
diameter outweigh tho disadvantages.’ 

“RESTRICTION OF HEAVY TRAFFIC ON UNSUITABLE 

ROADS. 

“ Concerning the restriction of heavy traffic on unsuitable roads, tho 
Committee recommend that existing motor-omnibus routes should bo 
loft untouohcd, but that new routes to bo established must have the 
consent of the highway authority, or, if that oonsont was refused or was 
given subject to unreasonable conditions, tho consent of the Local 
Government Board. Powers should bo oonforred on tho Looal Govern¬ 
ment Board and the road authorities to rogulato through heavy motor 
traffic in ordor to secure that such traffio was, as far as practicable, re¬ 
quired to uho the roads whioh wore constructed to carry it. County 
councils should be given power to rogulato traffio upon a road whioh was 
under repair or reconstruction, and to divert tho traffio on to another 
road. 

“ The Committee express the view that tho evidonoe whioh had been 
given as to the serious damage caused to a number of roads by motor- 
omnibus traffio, and the very heavy expenditure entailed in improving 
these roads to rondor them fit for the traffio, went far to prove that this 
traffic was exceptional in oharaoter, presented special difficulties to 
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highway authorities, and required spocial treatment. They are of 
opinion that muoh of the damage and expenditure might be avoided 
if thore existed between the motor-omnibus companies and the highway 
authorities, both local and central, the closer co-operation wliioh might 
bo expected to result from placing motor-omnibus traffic undor control. 
With closer co-operation it should often bo found possible to abstain 
from using a road whioh was known to bo unfitted for the traffic, or, if 
such a road must bo used, to carry out the necessary works of improve¬ 
ment before the sorvioo had commenced, and oonsoquontly under more 
favourable conditions and at less cost. 

“ Roads and Frost.—Several witnesses for the road authorities sug¬ 
gested that there should be some power to prohibit or regulato heavy 
traffic so as to protect from damage roads whioh were for the time being 
unfitted for the traffio owing to the break-up of a frost. The Committee 
doubted whether any scheme involving restrictions of heavy traffio in 
such circumstances was feasible, and they added that the solution of 
the difficulty appeared to lie, mainly, in tho provision of road surfaces 
whioh were not liable to be seriously affeoted by frost. 


“SPECIAL QUESTIONS. 

“The Committee desire to place on reoord their oonviotion that 
the question of the strengthening or reconstruction of privately 
owned bridges over railways and canals is one requiring immediate 
consideration with a view to legislation at the earliest possible 
date. They are also of opinion that tho public demand for improved 
facilities for road transport requires that the Local Government Board, 
and in tho case of railway bridges the Board of Trade, should have 
more direct control than is given by the present law and regula¬ 
tions, so as to secure that heavy motor traffio is not hampered by 
the plaoing of restrictions on the use of bridges whioh are not in faot 
necessary. 

“ It appears to the Committee to be very desirable that the public 
funds should be made available to encourage the design and construc¬ 
tion of mechanically propelled vehicles calculated to cause less damage 
to the roads than some of the types at present in use. Facilities should 
also be given, by speoial licence or otherwise, to enable trials and demon¬ 
strations to be held of self-propelled vehicles whioh cannot ordinarily 
be used on the roads without breaoh of the law. 

“ Scotland. —As regards Sootland, it is suggested by the Committee 
that the law in foroe in England and Sootland should, as far as possible, 
be assimilated. The idea of the Committee is that where the provisions 
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in force are practically identical, amendments corresponding with those 
which it is recommended should be made in the English provisions should 
be made in tho Scottish provisions.” 

Motor Car Act, etc. —The wording of tho section dealing with this 
matter in the Motor Car ( Locomotives) Act, 1903, is as follows :— 

“ A heavy motor oar may bo used on a highway if tho weight of the 
heavy motor car unladen doos not oxcood 5 tons, or if tho weight 
of tho heavy motor oar unladen with tho weight of an unladen 
vohiolu drawn by it doos not exceed Gj tons. 

“ The registered uxln weight of an axle of a heavy motor oar shall 
not exceed 8 tons, and the Hum of all the axles of a heavy motor 
ear shall not oxcood 12 tons.” 

The Act, further stipulates that the tiroB shall bo flat and they shall 
have rounded edges. Tho tires may bo plated, provided tho spaces 
Ijetween the plates in tho course of a horizontal lino do not exceed 
altogether the width of tho tire. 

" The tire Hhall not be less than fi inches in width. 

•* The unit of axle weight may vary according to tho diameter of 
the wheel. 

44 Eor a wheel 3 feet in diameter, tho unit shall be owts., and 
1 owt. is allowed for every 12 inchos excess diametor over 
3 feet. 

" And if Iohs than 3 feet, tho unit Hhall bo decreased 1 cwt. for every 
li inches below 3 foot.” 

The reason of this increase of unit is to bo found in tho larger area 
that would lie in contact with a road surface with tho inoreaso of tho 
diameter. 

14 The axle weight of a trailer shall not exceed 4 tons. 

" The regulations applying to tho tiros of heavy motor cam apply 
also to tho tireB of trailers.” 

Table VI. gives tho smallest tiro and the largest tire for wheels of 
different diameter and maximum load on the axlo ;— 
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Table VI. 


Diameter of 
Wheel. 


Width 
of Tire. 


Woight 
of Load 
on Axle. 


Width 
of Tire. 


Weight Unit of 
of Load Axle 
on Axlo. Woight. 


Speed. 



inolios. 

T. 

C. 

inolies. 

T. 

C. 

cwt 


2 ft. . 

5 

2 

15 

16 

8 

0 

} 


Trailor . 

3 

1 

13 

74 

4 

0 


2 ft. 3 in. . 

G 

3 

0 

134 

8 

0 

r 0 


Trailor 

3 

1 

16 

7 

4 

0 


2 ft. 6 in. . 

G 

3 

G 

124 

8 

0 

} «4 

Eight nuloH por 

Trailor 

3 

1 

19 

«4 

4 

0 

hour or to G 

2 ft Om. 

G 

3 

10 

114 

8 

0 

L *7 

milOH por hour 

Trailor 

3 

2 

2 

G 

4 

0 


if the oar ox- 

3 ft.. 

5 

3 

1G 

11 

8 

0 

} 74 

coods in weight 

Trailer 

3 

2 

5 

B4 

4 

0 

3 tons un¬ 

3 ft 3 m. 

5 

3 

174 

104 

8 

0 

| 7* 

laden, or has 

Trailer 

3 

2 

64 

84 

4 

0 

an axle with 

3 ft. 6 m. 

5 

4 

0 

10 

8 

0 

i 8 

an axle weight 

Trailer . 

3 

2 

8 

G 

4 

0 

oxoooding 6 

3 ft. 0 in 

5 

4 

2 4 

10 

8 

0 

j’ 8 1 t 

tons, or draws 

Trailer 

3 

2 

94 

G 

4 

0 

a trailer. Thoro 

4 ft. . 

6 

4 

5 

04 

8 

0 

\ HI 

aro oxooptions 

Trailer . 

3 

2 

11 

5 

4 

0 


allowing highor 

4 ft. 3 in. 

5 

4 

74 

t>4 

8 

0 

} 8J 

spoods to oara 

Trailer . 

3 

2 

124 

5 

4 

0 

fitted with 

4 ft. 6 in 

G 

4 

10 

0 

8 

0 

r 0 

pneumatic 
tires or tiros of 

Trailer . 

3 

2 

14 

44 

4 

0 

4 ft. 9 m. 

5 

4 

124 

0 

8 

0 

} o* 

a soft or olas- 

Trailor . 

3 

2 

154 

44 

4 

0 

tio material. 

6 ft. . 

6 

4 

15 

84 

8 

0 

V 04 


Trailor . 

3 

2 

17 

44 

4 

0 


5 ft. 3 in. . 

5 

4 

174 

84 

8 

0 

\ oi 


Trailer . 

3 

2 

184 

44 

4 

0 


5 ft. 6 in. 

5 

5 

0 

8 

8 

0 

} 10 / 


Trailer . 

3 

3 

0 

4 

4 

0 



The rules do not apply to pnoumatic tiros or those made with a soft 
or elastic material j no width is specified, as the practical necessities in 
suoh oases will doubtless be enough to secure the selection of tiros of 
suitable strength and durability and henoe of adequate size. 

A trailer does not require registration. 

The weight must be printed in prominent letters on the vehiole :— 

U.W. . . . tons, i.e. unladen weight. 

A.W. . . . „ owt., axle weight. 

Speed , . m.p.h., maximum speed. 

Actual Examples. —These regulations are necessary, and are un¬ 
doubtedly enforced in the case of the unladen vehicle, but it is very 
doubtful whether the axle weights are ever tested subsequently, when 
the vehiole is loaded and being used. One example came under the 

3 
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notice of the writer. The back wheels of a loaded Foden steam motor 
waggon, when passed over a weighing machine, registered 9 tons 16 
owts. 1 qr., whereas the maximum axle weight for this vehicle is 8 tons 
—the aotual weight being about 20 per cent in excess of the weight 
allowed. Another example recently showed 12 tons on a 4-wheeled 
trailer, wheels 2 feet 6 inches m diameter, 7-inch troad— i.e. 60 per 
cent, in excess of the regulations of the Act. 

Regulations of International Road Congress. —The general rule that 
the weight on a tire per inch of width should not cxcood 7^ owts. is one 
that was approved by the International Road Congress at Paris in 
1908, and confirmed at Brussels in 1910—although one delegate was of 
the opinion that the weight was too high It is undoubtedly advisable 
to oonsider, as is done in the Motor Car Act, the diametor of the wheels, 
and proportion the weight so as to encourage the uso of a largo wheel 
iii preference to a small one. 

The speed and weights that were suggested at the International 
Road Congress are as follows :— 

“SUGGESTIONS OF THE INTERNATIONAL ROAD CON¬ 
GRESS, WEIGHT OF VEHICLE, ETC. 

“ (A) Publio-sorvioo automobiles cannot oauso appreciable damage 
to the road provided that the maximum speed does not exceed 26 km. 
(16-6 miles) por hour; the maximum axle load does not roaoh 4 tons 
on tho heaviest axle, and that with wheels of 1 metro (3 feet 3 inches) 
diametor tho load is below 160 leg. por contimetro width of tread 
(826 lbs. por inch of tread). 

“ (B) Industrial automobiles need not cause exceptional damage to 
a well-oonsbructod road provided tho following limits are adhered to :— 

“ First typo : vehicles in which tho axlo load is loss than 4J tons : 

Maximum spood 20 km. per hour™ 10 J miles per hour. 

Load on tiros—160 kg. per oontimetre of width of tread of 
1 metre diametor =>(826 lbs. per inoli of troad). 

“ In tho narrow streets of towns and largo oities, when vibrations of 
the ground are to be feared, it is possible to minimise the inoonvenienoe 
by reduoing tho spood in a suitable proportion. 

“ Seoond typo : vehiolos in whioh the maximum axle loads are 
botwoen 4J and 7 tons : 

Maximum speed™ 12 km. per hour (7$ miles per hour). 

Load on tires™ 160 kg. per.centimetre of width of tread with 
wheels of 1 metre diameter. 
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"Provisionally and under reserve of the results of further ex¬ 
periments, when the diameter of wheels is above 1 metre the load per 
oentimetre width of tread should be calculated for both types of 
vehicles and also for such as are described, in paragraph (A) by using 
the formula. 

C=lG0-v/d 

where diameter in metres and C=tho load in kilograms. 

“ It is desirable that experiments should be undertaken in ordor to 
determine the maximum width which oan bo given to tho tiros of all 
automobiles, while still ensuring that under normal conditions tho 
distribution of the load on tho ground should take place over tho 
whole carrying area. 

“ (C) Ribbed or grooved iron tires cause abnormal damage to the 
road, no matter what their width be or what load they support. 

“ (D) Vehicles propelled by moohamcal power cannot oause extra¬ 
ordinary damage to the curved portions of roads provided that at 
these points a sufficient super-elevation is given and that tho curved 
portion is not approached or traversed at an unreasonable spoed. 

“ (E) With a view to saving the roads, it is desirable that the oar- 
builders go carefully into the question of olutohos and brakes, so that 
the skidding of the wheels may be avoided; that they also balance 
the motor as perfectly as possible, and that they allow a reasonable 
raising of tho centre of gravity.” 

Frictional Resistance of Horse’s Hoof and of Motor Vehicle com¬ 
pared —It is not the wheel or tho weight of the load on the wheel that 
damages the road so muoh as homos’ shod foot. In tho oase of a horse- 
drawn load weighing 4 tons, tho friotional resistance is about 200 lbs., 
and if it is tho case that a horse has always two feet on the road when in 
the act of drawing the load, tho horse foot exerts a force of 100 lbs., 
or about 30 lbs., to tho inch of oalkin. If the motor vehiole is considered 
in comparison, the 200 lbs. is transmitted to two wheels and is spread 
over a further area, Le. the portion of the wheel tire in oontact with the 
road surface is about 6 inohes X 3 inohos, therefore the friotional resist¬ 
ance would be about 6 lbs. per inch, or about one-lifth of the effect of 
the horse’s shoe. 

Rubber Tires. —Since the regulations that have been quoted were 
enaoted, there has been a change in the material forming the .tires of 
vehicles; and in the making of new regulations, which will have to 
be taken in hand in the near future, if possible, encouragement will, 
no doubt, be given to rubber-tired wheels, and less encouragement to 
studded tires than to tires oomposed wholly of iron. 

Tires more Resilient than Road Material.— Road engineers would 
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welcome any tire composed of material more resilient than the material 
forming the surface of the oad. as obviously such tires will have a less 
wearing effeot than where the reverse is the case. 

Whenever regulations are enacted, the licensing authorities should 
exercise the power that is given to them to see that the regulations 
are carried out when the vehicles are being used and at work. 

Set of Wheel.—What would seem to be a very important point 
that has been left out of consideration is the set of the wheel. If the 
vehicle is designed to fulfil the above requirements in regard to the 
weight of tho vehicle and the weight on the axle, a stipulation should 
also be made that the wheels should be so set or shaped that the surfaoo 
of the tire should be in constant contact with tho surface of the road 
on which it has to travel. The weight per inch of tire was obviously 
laid down with a view of spreading the weight over a largo surfaoc of 
road, i r, the full width of the tire ; but the wheels of these motor vehioles 
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Fig. 4, 

are designed to run on a level plane, whereas every road has a consider¬ 
able contour or curve, and while one wheel in certain oircumstances 
may be in full contact with the surfaoe of the road, the other will touch 
the road for only about one-third of its width. 

Recently, on an asphalt road, a motor waggon was traversing the 
surface, and one wheel was only in contact to the extent of 2 inches 
out of the 7 inches width of tho tire, and the pressure was therefore at 
the rate of three and a half times greater than tho Act allowed, and 
the edge of the wheel was cutting into the asphalt. 

There must have been not only a strain on the road but also on 
the axle, as the wheel is designed to transfer the load at right angles 
to the axle, whereas it was being transferred at an angle less than a 
right angle, causing excessive wear on the two opposite sides of the 
axle bearing, and eventually developing a wobbling motion in the 
wheel. 

In a perfeot road surfaoe the wheels of suoh a vehiole would never 
be in full contaot with the surfaoe of the road, and the two diagrams 
(figs. 4 and 5) show in one ease, on a surface with a contour of 1 in 31, 
the outside of the wheel is off the surfaoe of the road to the extent of 
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£ of an inch, while in the other case, where the surface has a oontour 
of 1 in 14, the outside edge of the wheel is off the road to the extent 
of £ of an inoh. 

Cutting of Asphalt.—These figures are sufficient to show that the 
pressure, in such constructed vehicles, is not evenly transferred to 
the road surface, and explain the cutting of the asphalt surface which 
has been so prominent on many roads, and whioh has been much more 
in evidence since the advent of motor traction. 

It is difficult to understand why the question has not boon con¬ 
sidered, beoause it has previously been the oustom with horse-drawn 
vehioles to set the axle of the whoel at an angle to tho axle bod, 
and a oareful examination of a number of horse-drawn vehicles 
shows that the tires are sometimes more worn on tho inside or the out¬ 
side, depending on whether the average oontour of the road on whioh 
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Pig. 6 . 

the vehiole has been in the habit of traversing has been greater or less 
than that at whioh the angle of the axle has been set. It has been 
suggested to the writer that the wheels are sot verbioal to the axle, so 
that when the load is plaood on the vehicle it allows of a “ drawing-in ” 
of the wheels inwards, thus allowing the tires to adapt themselves to 
the road surface and be in full contact. This is, of course, neither 
sound theory nor good practice. If such a case did aotually occur in 
practice, it would cause a pinohing-in of the road composition, and a 
strain whioh would tend very rapidly to deteriorate the best pavement. 

There is no insuperable difficulty in constructing the axle bearings 
so as to allow the wheel to conform to the oontour of the road; it may 
add to the oost of the oonstruotion of the vehicle to some extent, but 
the advantage both to the vehicle and to the road would offset ?uoh 
extra cost. If road authorities were assured that the tires were always 
m full oontaot with the road surface, there would probably be a more 
generous view taken of the loads that should be placed on the vehicle. 

Mr A. E. Coffins, M.Inst.O.E., in a very able artiole in vol. xlii. 
of the Journal of the Institution of Municipal and County Engineers, 
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indicated by diagrams three different methods of construction of the 
driving wheels of heavy vehicles which would automatically conform 
to the contour of the road. 

Camber of Hoads. —There is no doubt that a ourvcd contour is not 
as desirable for traffic as a perfectly straight and level surface from 
side to side, but it will be found that many maoadani roads have been 
built with a contour similar to that shown in fig. 6, wliioh gives a ourved 
contour neither a strict arch nor barrel-shaped—it is almost flat in the 
centre, and more quickly slopes as it approaches the channel. 

The camber of a road has to bo varied on aooount of cross falls, 
gullies, crossings, etc., and so it is usually the case that when the centre 
of the road and the ohannels are laid out, the remainder is ourved more 
or less to the above shape as the eye direots. 

By such a curvature a vehicle is encouraged to traverse a greater 
width than might otherwise be the case, and might with advantage 
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to itself and the road have the wheels set at 1 in 30. By this alteration 
the wear on road and on the tire would be decreased, and there would 
be less tendency to skid. 

Skidding of Vehicles. —The skidding of motor vehicles is worth 
inquiring into from this point of view. 

It must be obvious that the set of the wheels in a line at right angles 
to the axle bed cnoourages skidding ; the weight of the vohiole is trans¬ 
ferred to the inner edgo of the wheel, and this is balanced by a force 
at right angles to the surface of the road and a second forco along the 
tangent to the curve from the centre of the vehiole outwards. When 
the vehiole is placed with its wheels equally distant from the oentre 
of the road, the tangential foroos aot in opposite directions and thus 
balance each other, and the vehiole takes a straight course ; but when 
the vehiole is wholly on one side of the road, the pressure of the load is 
more on the “ near ” or the lower-placed wheel than on the off or higher- 
plaoed wheel, and therefore the tangential foroe is greater. Thus, if 
the surface of the road is inclined to be greasy, and the surface of the tire 
not in full contact, there is a tendenoy for the vehiole to slide towards 
the kerb, until the foroes are balanoed. 
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Points for User.— The adaptation of the tire to the road must reduce 
the wear, as otherwise the tire is continually in shearing until it adapts 
itself to the conditions of the road, as is the oase with wheels shod with 
rubber tires. 

There are thus a number of rules wliioh the designer and user may 
with advantage make use of, and whioh, if followed, would tend to render 
the task of the road engineer less onerous. 

Cost of Repair. —It has to be remembered that whatever expense 
a looal authority may incur in the matter of the repair of the road, the 
user has eventually to pay a considerable proportion of the oost, and so 
should make whatever adaptations are possible. 

The Departmental Committee that is inquiring into the question 
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J 0 X represents surface of road. P 0 and P H, the direction of the roaolyed 

A B 0 D represents the wheel of vsblole. foroes, P H being a tangent to tlio aurve at 

B P, direction of load. the point P. 

of heavy motor vehioles will probably make a searching inquiry into 
these various matters. The points raised may not appear to be of 
much importance when considered in relation to one vehicle ; it is, how¬ 
ever, those small matters that beoome large and important when they 
are multiplied by thousands. 

New Arterial Roads. —A considerable amount of attention has been 
devoted to the problem of providing new main or arterial roads, and 
while it soaroely oomes within the purview of a work whioh obviously 
is intended to deal with the engineering or constructional part of roads, 
it is perhaps not out of place to mention the matter in the introduction. 

The first work oarried out in opening up a new district is the forma¬ 
tion of a road from the nearest town or distriot in whioh roads are already 
built. The motor has, in a sense, discovered in an old oountry new 
areas ; the old roads serve part of the purpose of opening up these areas, 
but they are often too narrow, frequently too oirouitous, they may have 
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so many bends and bottle neoks, etc., as to become unsatisfactory, 
and in oonscquencc oithoi entirely new roads, bye-pass roads, or im¬ 
portant widening schemes must be providod to satisfy the requirements. 
Where there is a proved necessity, the various proposals have to be 
examined by the authorities as to their cost, their effeot on the distnots 
which they may avoid, eto., and generally into their merits. 

Local Interests. —The questions raised are not easily disposed of: 
looal interests of all kinds are at once brought forward in opposition, 
and tho active construction hangs for a long period while these questions 
are disposed of. 

Town Planning and Road Improvement Acts.— Under tho Town 
Planning Aot of 1909 and the Development and Road Improvement 
Act of tho same year, new roads can be actually formed or proposed on 
papoT, the lands through whioh any road is proposed to pass can be 
sterilised, i.e after tho date of notioe, the owner of the land is pro¬ 
hibited from erecting upon tho area proposed to be used for the road 
any permanent structure. Whenever it is thought necessary the road 
can be oonstruoted. Further, land may be purchased on either or both 
sides of tho proposed road, and whatever increased value may aoorue 
by reason of the road being so oonstruoted through the land, the land 
so purchased oan be resold and by this means tho oost of tho road may 
bo recouped to some extent. 

These two Aots are, or oould be, made to be a complement of oach 
other ; where tho powers are laolcing in tho one oaso they may be said 
bo providod by tho other; it only seems to require an agreement 
veen the authorities which administer these Aots to effeotuate the 
losals. 

STo aotual instanoe of a new road being oarried out on these lines 
.s been, to the knowledge of the writer, dealt with as yet. On the 
other hand, new thoroughfares have been built m a few oases undor the 
Town Planning Aot or local Aots of a similar character, and in a fow 
other oases a town-planning soheme has been designed and the lands 
sterilised. 

Defects In Town P lannin g Act. 1 —Under the Town Planning Aot, 

1 Under tho Housing, Town Planning Aot, 1919, amendments to tho Aot of 1909 
havo boon made, and it is now tho oaso that any looal authority may prepare a town- 
planning sohomo without having first to obtain tho sanotion of tho Ministry, and 
every borough and urban district with a population over 20,000 must prepare a 
Hohome by 1st January 1926 Tho Ministry oan before that dato require a sohomo 
to bo prepared by a looal authority whore thoy oonsider this course nooossary. Looal 
authorities should from the outset oonsider the town-planning needs of thoir district 
with a view to making a complete town-planning sohomo as time allows. Tho pro¬ 
cedure in oonneotion with tho making of a town-planning sohomo has been simplified 
by the new Aot. 
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sohemes have to be submitted to the Looal Government Board and 
approved, and certain expenses are inourred. These sohemes may bo 
ill timed, i.e. many years may pass before development will take place 
in the distriot, and therefore unnecessary expense is involved. It 
would seem desirable that the whole of the authorities should have 
the power to lay down the site of a road, or increase the width of a main 
thoroughfare, without having recourse to an Act whioh is only permis¬ 
sive and not compulsory, because there are obvious arguments whioh 
would show that such a scheme may actually prevent the immediate 
development of the land in tho district, and send those who wish to build 
upon it into other areas where the restrictions are not so far-seeing. 

Future Roads.—In the future, it will bo the case that eithor new roads 
will be made or the existing roads will be greatly improved or bye-pass 
roads oonstruoted to enable traffic to pass round a town at whioh it 
has no reason to oall, and thus relieve the town of a certain proportion 
of traffio which might otherwise cause a congestion. Local interests 
are found to be opposed to new roads and bye-pass roads, because they 
are likely to take away from the frontages on the old road or from tho 
town ohanoe customers, i.e. persons who, although they may have no 
immediate objeot in visiting the town, may oall and make purchases, 
etc. But there can be little doubt that suoh roads are, or will become, 
necessary for commeroial traffio, and the roads must be made so as to 
eater for future requirements, and apart from looal interests. 

Whether the time is or is not ripe for these new roads is a question 
of the amount or volume of traffio and for the general opinion oE tho 
looality. 

Effect of Motor Traffic on Congestion. —There are a number of oases 
where a few years ago a road was obviously too narrow and congested, 
but since motor traffio substituted horsed traffio to a large extent, these 
comparatively narrow roads do not appear to be so oongested, mainly 
on aooount of the increased speed of the vehicles and the heavier loads 
they oarry, thus requiring fewer vehioles to oooupy the road. 

On the other hand, the time will oome when the traffio will inoroase 
and the narrow roads will onoe again appear oongested and necessitate 
increased width—or new roads, as suggested above. 

Width of Roads. —A diversity of opinion is noticeable in the discus¬ 
sions that have taken plaoe on these new roads as to what width is the 
most desirable and as to what should be provided in the road. 

The business man says they should not be very wide. His opinion 
is that a person walking along the pavement of one side of the street 
should have a good view of the premises and goods plaoed in shops 
on the other side of the road. He points out that the best business 
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or shopping oentres are in narrow roads; from which one could argue 
that wide bye-pass roads round the town are desirable, and those in 
shopping oentres should be left comparatively narrow, then, as has 
been pointed out, this deprives the same business man of the ohanoe 
oustomer, so that it is evidently difficult if not impossible to satisfy 
all parties. The widths that have been suggested vary from 80 to 
260 feet 

Circular Roads. —These are striking illustrations of very wide oircular 
thoroughfares, suoh as that in Brussels, whioh almost makes the cir- 
oumferenoe of the city; but in this oaso a great portion of the width 
is taken up by a boulevard, and suoh a road with suoh a feature is an 
asset to the oity ; but the actual road widths are not nearly so great as 
200 feet. Probably a total width of from 80 to 100 feet is sufficient 
for all traffic requirements, especially having regard to the faot that 
where the main roads had such a width the obstructions or hindrances 
from other traffio would be so small as almost, if not entirely, to be 
negligible, henoe the average traffio speed is greatly increased. 

We have been so aooustomed to slow traffio and to obstructions in 
narrower roads, that we are apt to exaggerate the requirements under 
faster conditions, improved surfaces, and freedom from obstructions. 

Congestion at Junction of Roads. —The real difficulties of traffic con¬ 
gestion are due mainly to the slowing up of traffio as it turns into other 
thoroughfares, at bottle neoks, and by vehicles standing at business 
premises. There would be great advantages to the road as a whole by 
improving the methods at junctions, dispensing with bottle necks, and 
a width of 80 feet would allow for vehioles to stand at business premises 
in roads not provided with tramway tracks. 

As to what should be provided in the roadway is a question that has 
been equally disoussed at length. Suggestions have been made that 
slow traffio, fast traffio, tramways and cycle traffic should eaoh have 
their separate traoks ; in other oases, that tramways should be eliminated 
or given a specially allocated area, or that they should either oocupy 
the middle or the side of the roadway. 

Tramways in Roads. —Prom a road-engineering point of view, and 
from the point of view of the general road-user, tramways are a source 
of great annoyanoe and trouble. They are undoubtedly of value to a 
considerable proportion of the general publio, and undoubtedly were a 
distinct boon under horsed-traffic conditions, but fow people would, 
to-day, with their alternative experience of motor buses, say that the 
general travelling publio would not prefer the moto rbus to the tramoar. 

During a period of three months, the writer tested the speed effioienoy 
of the motor bus and tram on the same road over a distanoe of 1^ miles ; 
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for the greatei pait the road was of ample width, and the traffio had 
a free run, but for J mile of its length the road narrowed and the traffio 
was heavy. From fifty oonseoutive tests whore the motor bus started 
after the tram had got some distanoe on its way, thero was only one 
oase where the tram arrived first; on two oooasions they arrived simul¬ 
taneously, and on the remainder the tram was hopelessly beaten. 

Tramways as a rule occupy the best portion of the roadway, i.e., the 
qentre, and thereby the public have to step over a portion of the road 
to the tramoar, with danger to themselves from passing traffio ; this is 
an obstruction to the traffio. The general traffio, whore the trams have 
a frequent service, are debarred from using the oentre of the road; 
honoe if by reason of the general traffio increasing to suoli an extent 
that the road has to be widened, the tramways are placed still further 
from their passengers. 

Effect of Tram Rails on Wear of Road. —One of the features of a tram¬ 
way track in a roadway is the steel rail; the wear of steel is infinitesi¬ 
mal, and as it is plaoed in the road surfaoe, oomposed of totally different 
material whioh wears in an observable degree, it necessarily follows 
that it will not be long before the rail will stand up above the general 
surfaoe of the roadway. Granite setts are the least affeoted of any of 
the pavements that are used ; but it is admitted that suoh a pavement 
is very noisy, the joints hold a oertain amount of grit Or mud, and in 
large towns they are not considered a suitable form of pavement. In one 
case, the writer understands that ohiselled granite setts with fine joints 
($• inoh) are used; suoh a pavement oosts about £2 per superficial yard, 
and this pavement answers the purpose ; but in general suoh a pave¬ 
ment would be considered as muoh too expensive, however long it might 
last. Wood pavements are therefore demanded, and in manv oases 
adopted; here the difficulties beoome apparent, for the wear of wood 
paving is -suoh that, under heavy traffio and in a roadway where it is 
free from tram rails, it may be allowed to wear over 2 inohes before it 
is replaoed. But where the rail is inserted in the pavement, the renewal 
must obviously take plaoo at a very muoh earlier period, otherwise the 
rail would be appreciably above the general level of the road and beoome 
a source of danger; henoe the cost is at least double what it would be 
in the ordinary road, and it thus beoomes an expensive form of pavement, 

In roads in whioh tram rails are placed, asphalt has not been tried 
to any serious extent in this oountry; it is, however, extensively used in 
Germany, and there seems no valid reason why it should not be used 
here. The wear of asphalt is about half that of wood pavements, but 
it has not been found easy to make a good joint with the tram rail— 
a special mixture has usually to be made. Asphalt is laid usually about 
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1 inch thick on a bituminous base, and one of the advantages of using 
asphalt is that the material that is left on the surface befoie it is re¬ 
newed oan be removed and reused, lienoe the expense is not so great 
as it would be with other pavements. At the same time, the very faot 
that a steel rail is m the surfaoe of a road composed with other 
material of more rapid wearing oapacity, involves extra cost to the 
whole of the remaining surfaoe abovo that of roads in which tram 
rails are not laid. 

Rallless Cars. —In some districts railloss oars are run by olcotricity 
provided at a generating station, but perhapR the greatest competitor 
of the tramway is the motor bus. 

It has been demonstrated in previous pages that the wear of a road 
by motor bus is not any more than would be the oaso by other vehicles. 
Since they were installed in London, the pavements have shown a 
decrease in wear over what was apparent under horsed bus traffic. 

Motor Bus preferable. —In consequence, if from overy point of view 
the motor bus oan be run as eoonomioally as the tramoar and oan give 
similar satisfaction in regard to the carrying oapaoity, it should be 
preferred to tramways. The advantages are that they are able to change 
their route, in dense traffio they are aotually faster than tramways, and 
they are available to the passenger at the footpath itself. 

The tram rails themselves, when they beoome worn, are a souroe of 
trouble to ordinary vehioles, the wheels of whioh are frequently damaged 
by beooming fixed in the groove. 

Tramways outside Road Area. —From these and other considerations 
of a minor oharaoter, the proposal is mado by many that tramways, 
where they are to be installed, should bo in an area divided entirely 
from the roadway surfaoe. 

International Road Congress on Trams and Buses. —The conditions 
for the use of pubho-servioc conveyances other than tramways were 
considered by the International Road Congress, whioh passed the follow¬ 
ing resolution :— 

“ The Congress is of opinion that publio motor omnibus service 
should be enoouraged. That it is difficult at the present moment to 
dooide definitely on the respective advantages of the two modes of 
transport, but that one forms the complement of the other and not the 
rival, and the adoption of one or other method largely depends on looal 
conditions. 

“ The progress of the motor omnibus and extent of the use of this 
method of transportation is oapable of great extension— 

(а) by the use of wheels fitted with rubber tires ; 

(б) by any progress made in oonstruotion. 



INTRODUCTORY. 45 

“ The number of passengers oarried by motor omnibuses should bo 
greater for the town than for the country. 

“ In the study of new roads to be constructed in the neighbour¬ 
hood of largo towns as well as in the open oountry, it may be useful 
to try, if it does not interfere with the general interest, to provide a 
sufficient road width for the construction of a light railway outside the 
roadway. The traoe, the gradients, the designs of oross sections will 
be, according to the requirements, determined in suoh a manner as to 
reserve all the facilities and necessary safety for every land of traffio. 

“ It is desirable that the supplementary oosts should be defrayed by 
the oonoession-holdoT or the constructor of the light railway, so far as 
the part of the road reserved for the rail traok is concerned. 

“ The oonstruotion of sunken rails in the metalled roadways are 
always harmful to the viability of the roads, and there results a markod 
increase in oost of maintenance. It is desirable that this method should 
be avoided as muoh as possible. 

“ The establishment of rails for tramways in paved roads makes the 
repair of the paving very difficult when abutting against the rails. It is 
neoessary to diminish the nuisance as far as possible by appropriate 
methods. 

“ Where the railway is placed by the side of the road it is preferable, 
where the width of the road permits, to oonstruot it on a speoial traok, 
inaccessible for wheel traffio and super-elevated for greater safety. It is 
neoessary in all cases to provide proper drainage. 

“ If it is a oase of metalled roadways, the concessionary or con¬ 
structor of the railway should bo obliged to oonstruot on the outsido 
border of the free roadside sufficient depots for materials for the repair 
of the road. The same obligation should in some oases be extended to 
paved roads. 

“ The removal of trees along roadsides should not be tolorajUiJ 
unless in extraordinary oases. If the width between the tree rows is 
insufficient for the rail traok to maintain the rcoognised width for 
ordinary wheel traffio, the track should be laid outside the trees. 

“ It is desirable that the oonoessionary of light railways should 
undertake the duty of maintaining the area of the road or roadway 
ocoupied by the rails or contiguous to same, or pay the costs of main¬ 
tenance. 

“Apart from exceptional oases depending on local conditions, the 
construction of traokways in paved roadways oan only be considered an 
expedient. 

“ Except where it is possible to provide special reserved spaoes, 
tram traoks are best plaoed in the oentre of the roads, and where so 



4^ MODERN ROAD CONSTRUCTION. 

placed, it is desirable to provide spaoe on either side for two tracks of 
vehicles. 

“ The main traffic roads should be so designed that spaces are pro¬ 
vided for tram tracks, fast and slow tiaffio, and standing vehioles; and 
in suoh a way that they can proceed without unduly mixing.’ 3 

On the problem of new roads the following resolution was also 
agreed to :— 

“As a general principle, it is better that new main roads be con¬ 
structed to pass outside rather than through towns, and where an 
existing main road passing through a town is unsatisfactory for through 
traffic, it is often better, in preference to widening an existing narrow 
main road through the oentre of a town, that now roads should be 
planned according to the science of town planning.” 

Junctions of Roads.—It may be that in the futuro the junction of 
two principal roads should bo made so that one road passes under the 
other, just as has frequently to bo done on railways, where the delay 
to the traffio is of serious moment. 

ROAD MAINTENANCE. 

British Isles.—The maintenance of the main roads in the British 
Islos is mainly tho ohargo of the county oounoils, exoept where they 
pass through county boroughs, towns of 50,000 population or over, in 
which case tlio whole of the roads are controlled and maintained by the 
borough; but in the majority of those oases whore tho roads pass through 
other towns, the looal authority usually maintains the main roads, and 
tho oost of suoh maintenance is refunded either as a whole or the greater 
part by tho county council to the looal authority; in the latter oase, it is 
argued that as the looal inhabitants use the main roads for looal purposes, 
they tthould therefore pay for the looal use of the road, just as if the main 
road was actually a looal road ; in other oases there are main thorough¬ 
fares whioh are not considered as main roads, and no allowanee is made, 
In some oases the oounty authorities maintain the main roads them- 
bqIvqs, and do not delegate the repair to the looal authorities. 

On the whole the system, whioh appears somewhat complicated, is 
simple and works satisfactorily under ordinary conditions, hut at the 
present time, when the roads obviously require reconstruction and there 
iH a largo area of roads in an unsatisfactory condition involving extra 
heavy taxation, State aid is being demanded to enable reconstruction 
to be oarxied out, after whioh, no doubt, the system of maintenance 
oould easily continue, as the oost would be materially less than it is at 
the present time. 
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France.—On the other hand, theie aie some who wish to see the 
main thoroughfares oomo under the State, as in France, where the 
“ Routes Nationales ” are, both as to construction and maintenance, 
under the control of the Minister of Public Works, the administra¬ 
tion being delegated to the D6partement des Ponts et Chaussdes. The 
other subsidiary or bye-roads are controlled by the looal authorities. 
There was evidently an element of dissatisfaction in this system from 
one cause or another, because it was anticipated up to the time that 
motor traffio began to make itself felt, that the centralisation of the 
roads would bo altered and that even the Routes Nationales would be 
decentralised ; but apparently it was anticipated that motor traffic would 
damage the roads to such an extent that the oost would bo a serious faotor 
for the looal authorities, or it was realised that motor traffio had brought 
into existence new problems that it was desirable to realise what it meant 
in the national welfare; whatever may have been the cause, the faot 
remains that any suoh idea has now been abandoned. 

Germany. —Germany is divided into kingdoms or provinces in which 
generally the principal roads are State roads, which are maintained by 
the State; but the administration of roads generally is not on uniform 
linos throughout the country, the system varies considerably in the 
different States or provinces. In some few oases there has been a ten¬ 
dency to transfer the main roads to the smaller unions, but in some of 
the larger States there has been a strong tendenoy to obtain oontrol of 
oven the bye-roads. 

Belgium. —In Belgium the State roads are controlled by the adminis¬ 
tration of the “ Ponts et Chauss6es,” but the provincial roads are under 
the oontrol of the provincial authorities, and similarly the parish roads 
are maintained by the looal authorities. 

United States of America. —In the United States of Amerioa, the 
country being divided into States, naturally caoh State has its own 
idea of the methods whioh should be adopted in regard to road adminis¬ 
tration ; the State of Massachusetts stands out as one whioh controls 
and maintains the principal highways. 

State Control. —State oontrol has its advantages and its disadvan¬ 
tages ; theoretically the advantages outweigh the disadvantages, but it 
is very doubtful whether in practioe it aotually is so. It appeals, 
mainly from the point of view of finance, to many districts whioh are 
sparsely inhabited and where the rateable value in comparison with the 
mileage of roads is low. In the British Isles there are, as has been 
mentioned, oounties whioh inolude large towns and small towns, but 
when the large towns have a population of 50,000, they can apply for 
the status of a county within its own area; thus the oounty of whioh it 
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previously formed a part in deprived of the rateable value of that town 
for tlu* maintenance of ita maria anrl for other purposes, and the remain¬ 
ing urea mny, if adjustiuonts are not made, be subjected to somewhat 
ht-uvicr taxation if the muds in particular are more severely treated by 
u gic.u inereime in trallie and financial assistance thereby becomes 


net etsar\. 


State font ml, lio\ve\er, is not. desired when it becomes a question of 
the net i\e management of the roads ; there iH a strong feeling against it, 
and tliiw in caused by the impression that the State is a non-competitive 
liudv, then* is tut spirit of emulation, as is now the caHe where districts 
eoin|H>tc wit It each other, there s<*ems to be no incentive, no encourage¬ 
ment to new ideas and methods, which are discouraged or looked upon 
*rr|iticnll\ . ••specially if they ooiue from any person or body outside 
tie* State Department. There is the impression also that the State is 
d<‘\mil of sympathetic treatment,. The constant examples of public 
opinion forcing the Slate to move in a direction which is apparently 
a gainst till- opinions of the Department in control is irritating and 
annoying, mid the compariHon with those examples where there is de¬ 
cent raliiH'd control is not favourable to control by the State, honoo the 
preference ia muoh more Htrongly in favour of State aid as distinct from 


State control. 

Dornl administration causes competitive activity, one area against 
its neighbouring area j any progress'! vciichh in one district soon has its 
etTc. t on the adjoining (listnets, where the difference in administration 
i* noticeable ; a spirit of emulation iH aroused and encouraged. 

So keen ia this competitive or progressive spirit that there are many 
example* where the improvement!* and general administration of a par¬ 
ticular district ati far excels that of anothor or other authorities that it is 
quoted as an example to be modelled upon. This would not occur under 
St ate control. H is frequently the ease, however, that where emulative 
i* low, the loads in partioular have been following the old methods 
H iid broom* with increasing traffic worse and worse. 

Stftlt Aid*-*An appeal is made for State aid, and not infrequently 
ihi» i« granted, whereas the other district which has progressed and im¬ 
proved it* road* ia left, without any assistance, to follow its own methods, 
whndi have proved advantageous financially and economically. 

If Sisle aid i* granted it should be given equally to those areas 
where the administration is successful and the. roads improved, an 
more ... projmrtinti. or a penalty should be imposed on he other 
autbunt.es. because otherwise it is only an encouragement to the main- 

•"Zkl ;XT»Z»ot b. difficult to instal: u .oh,™ could b. do- 
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vised, based on the cost of maintenance of a suitably paved road, the cost 
of whioh will be in direot proportion to tlie amount of traffic passing over 
the road. Those areas where the maintenance oosts are on this basis should 
reooive the highest proportion of State aid; where the costs are higher, with 
a lower intensity of traffic, the proportion should be lower. An inquiry 
would discover whether any serious endeavour had been made to lower 
the cost of maintenance, and where it was so proved, then a grant or 
loan oould be made to execute a larger area by an improved form of 
construction. 

Road Board. —The demand for improved surfaces of roads in Great 
Britain was so great immediately prior to 1909 that the Development 
and Road Improvement Act waB passed by Parliament m that year 
and the Road Board was formed. There seems to be little reason why 
the Aot should not be so administered that it should do all that is 
demanded by the various parties. 

The funds available to the Road Board prior to the war were obtained 
from the tax on petrol and the oarriage lioenoes, the income in 1914 
being about £1,500,000 per annum. The expenditure by the main road 
authorities was about £3,000,000 

Ordinary Maintenance. —The Road Board 1 takeB the view that the 
local authorities are charged with the maintenance of the publio high¬ 
ways, and no assistance can be given towards the oost of ordinary main¬ 
tenance. Where, however, a work of reconstruction is proposed—even 
if it only involves tar painting,—the oost of suoh work is in a proportion 
met by the Board either by loan or grant. 

This position is undoubtedly strong, and in the interests of improved 
road surfaoes, whioh was the aim of the Development Aot. 

New Roads, etc. —However willing the Road Board may be to allooato 
funds for the purpose of reconstruction, the funds are not sufficient to 
oarry out this work on a very extensive soale for all authorities; it is 
an opinion expressed by many that muoh more might have been done 
by the Road Board, because a very large sum haB been accumulated, 
but it seems to have been allocated to some other purpose, apparently 
to new roads, bye-pass roads, and works of this character. 

Road Experiments. —The Road Board has oarried out excellent work 
in providing funds for extensive experimental road structures in various 
parts of the country in order to test those processes whioh might prove 
to be eoonomioally effective under moderately heavy traffic. 

1 The Road Board is now abolished, and the duties oonferred upon it by the 
Development and Road Improvement Aot, 1609, have been transferred to the Road 
Department of the Ministry of Transport, whioh oame into existenoe on 1st Ootobsr 
1019. 

4 
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As r result of tho war, it ih probable tliat either the funds at the 
lUspumal of tho Board which have been allocated to new thoroughfares 
will 1 m' woonHidered, or now sources of inoome assured to the Board in 
itrdor to amuat tha authorities over the difficulties that have arisen; tho 
road* throughout tlu* country have necessarily been starved in conse¬ 
quence of the shortage of both labour and material, and the traffic has 
in tiumcruu* canon been greatly in excess of the normal for work of a 
military nature. A large amount of road construction has been carried 
out during the war by the Hoad Board for the military authorities. 

Hew Roods and Road Construction. —There are a number of 
imuplt' who think that new arterial roadH should be put forward 
for carnal ruction ho that the work would provide employment to the 
men returning from the battlefields. Thu cost of such proposals is 
divided into twi» parts, (1) the puroliaHu of the laud and compensation 
f«r disturbance, etc., ami (2) the construction of tho road. With regard 
lo fl), if the land is ripe for development, it might ho given up for the 
|iur|K>ae of tho road, but if it iu not ripe and haB to bo purchased, the 
oo*t may Ixi very great and depends on its position. It ib not an ox- 
cnutvr rntimate to nay tliat the cost of reconstruction of 4 miles of 
road would oust as muuli as 1 mile of a now thoroughfare. 

If thi* i* the caw*, then it ih evident that reconstruction will give 
mure work t» labour, will benefit a vastly greater amount of traffic, 
and will t«> a considerable extent reduce tho cost of maintenance to the. 
liKial authorities, and will incidentally assist in providing for tho in¬ 
evitable influx of motor traffic which has set in after tho war, and tho 
cause uf which haa already been indicated. 

Rotd Board Polloy.— Probably tho policy of the Road Board will be 
modified; it ia wholly a question of finances that is the cause of tho trouble, 
and the i no ream'd price of materials and labour, which will undoubtedly 
remain much higher than pre-war rates, will not in any way tend to 
lighten it. The problem of raising tho funds necessary to bring about 
tha reconstruction of roads will bo one that will require very careful 
consideration. 

Extraordinary Traflio.—When roads are subjected to a sudden and 
unforeseen amount of traffic which is of a more or less temporary char¬ 
acter, it is jKwaibio for the local authority to claim from the person 
responsible the cost of the damage that this traffic has oaused to the 
rusds over which it travelled. In the majority of oases that have 
occurred thc damage ia admitted and paid for—in some oases it is not 
worth pressing, and in a few oases it is disputed. There are oases, for 
taempK where a now reservoir iB to be built in a oountry district, and 
the cartage of materials to the site is of suoh volume and weight that the 
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roads over which it is taken have never been oalled upon to oater for, 
and they would not after the works were completed have to oater for any¬ 
thing like this volume or weight. This is clearly a case of extraordinary 
traffio. So would the oaso of the romoval of the oxoavations for the 
tunnels of a railway, as was the oase in London; the surplus was taken 
over some side streets whiok were never expeoted to withstand suoh 
traffio 

One would soaroely expeot to find that a business ooncern that had 
a quarry from whiok a few tonB of material were carted to various plaoes 
would be called upon to pay for extraordinary damage meroly bcoause 
they inoreasod thoir output and employed motor vehiolos to deal with 
it. Yet the Courts seem to havo decided that there was extraordinary 
traf&o, and that it must therefore be charged with some proportion of 
the oost of the damage to the road 

The Motor Car (Locomotive) Act definitely prescribes the weight 
of the load, the diameter of the wheel, and the width of the tire; 
this being the case, it is only logical to assume that the roads over 
whioh these vehicles travel must be made of suoh matorial that they 
will withstand these vehicles. Then, provided that the vehicles con¬ 
form to the regulations, there should bo no claim for extraordinary 
traffic, except in the oases similar to those described above. 



CHAPTER II. 


MACADAM ROADS. 

Macadam.—Thin type of road is so common all over the country and in 
foroign countries that it will be difficult for many who have become so 
acoustomed to it to realise tliat this form of construction is one of 
the most unsatisfactory from almost every point of view. It has been 
thought that the road is oheap to construct and not expensive to 
maintain, and the fact that it has been allowed to oontinuo is due to 
tho faot that the expenso of maintenance is an insidious growth. It is 
only two years ago that the writer oame across several cases where the 
oost of maintenance was estimated at from Is. 6d. per superficial yard per 
annum to 2s. 4d. per superficial yard per annum. The suggestion that 
whonuver a macadam road oost Is. per square yard per annum to main¬ 
tain it should be dispensed with and asphalt or wood paving substituted, 
because it was oheapor and more satisfactory, was regarded with in¬ 
credulity. This, however, is beooming more and more reoognised as the 
right view, and maoadam roads are being considered as an antiquated 
form of pavement which should be replaced with paving more scientifi¬ 
cally constructed. 

The International Road Congress naturally considered this form of 
construction in all its bearings, and a resolution was passed unanimously 
and without discussion as follows :— 

“ Maoadam oarried out according to the methods of Tresaguet and 
Macadam causes mud and dust, is expensive to maintain, and is suitable 
in large cities only for streets where the traffio is not very great or 
heavy.” 

Having regard to suoh a condemnation of a road structure that has 
been the vogue for so many years, and whioh has reoeived suoh attention 
from road engineers throughout the world, it is excusable if, in a work 
dealing with modem road construction, this form of structure is dealt 
with in a manner which may be said to emphasise the defeots and tend 
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to hasten its abolition or substitution for a structure more in aooord 
with the requirements of the publio. 

The writer considers that even for streets with light traffio a 
oheaper and better form of oonstruotion can be adopted, and 
that there are few instances indeed where the maoadam road need 
be installed. 

The method of oonstruoting a water-bound maoadam road is so well 
known, and so fully described in many other volumes, that it would 
seem superfluous to deal with it here. It is ncoessary, however, to do 
so, as there are a number of details in the oonstruotion from whioh 
valuable inferences may be drawn. 

“ Maoadam ” is a name that has been given to stones of granite, 
basalt, limestone, flint, eto., broken for road purposes to a size of about 
1J, 2, 2|, or 3 inohes. The word is derived from John Loudon Maoadam, 
an engineer who, in the early part of the nineteenth century, conceived 
the principle that if stones were broken to a size of 2J or 3 inches, and 
plaoed on a road to a depth of from 6 to 8 inches, they would wedge 
themselves together and form a good road surface. 

Tresaguet. —Previous to Macadam was Tresaguet, a French engineer, 
who advocated a foundation of rough stones, gradually lessening their 
size to small material. 

Telford, later than either of these engineers, divided the road into 
two parts, the foundation and the surface structure. The foundation 
was oomposed of large rough stones placed by hand in the exoavated 
ground, and the orevioes left in the surface of these rough stones were 
paoked and filled with smaller material. He then plaoed on the top of 
this foundation Maoadam’s sized stones, and added a surface layer or 
ooating of gravel about 1£ inohes thiok. 

Telford Foundation. —This type of foundation is known as the 
“ Telford foundation,” and it is aooepted as the most satisfactory form 
whioh has been devised, exoept oonorete. 

Present-day Maoadam Road. —The surfaoe oonstruotion of the present- 
day road is not the same as that of either Maoadam or Telford. The 
size of stones is about 2 inohes; that is, they are so broken that they 
will pass through a 2-inoh ring, and they are laid in two 4-inoh layers, 
whioh are eaoh rolled to 3 inohes ; the interstioes are filled with granite 
ohippings, with fine material of a somewhat loamy oharaoter, or they 
may be filled in with gravel or hoggin, in whioh loamy material is naturally 
plaoed. Thus the total depth of maoadam is 6 inohes. 

This is termed a macadam road , although the construction differs 
materially from Maoadam’s methods, and more nearly approaches to 
Telford’s ideas. 
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A sketoli of the Telford foundation and the modern macadam road 
is given in fig. 8. 

Although Telford’s foundation is acoepted as a model, it is only 
adopted where the material oan be suitably and oheaply obtained. 
There are many miles of roads which have not such a foundation. In 
many oases it will be found to be oomposed of the hard clinker from 
the destructor furnaoes ; in other oases the broken brioks from buildings 
that have been pulled down are used as “ hardoore.” 

Modification of Telford Foundation. —In such instances there is some 
variation from the above-desoribed methods. The road is excavated to 
a depth of 18 inches below the finished surfaoe, and, if the nature of 
the subsoil is of a loamy oharaoter, is filled with about 18 inches of 
clinker refuse in large pieces or hardoore (not less than 5 or 6 inches), 
and is subsequently rolled with a steam-roller weighing about 12 tons, 
until the hardcore is 6 inohes below the finished surfaoe. If after con¬ 
tinuous rolling the subsoil will absorb more material, this is added 
until, no further depression is evident. On this foundation the two 
layers of macadam described in a previous paragraph are laid. 

Settlement of Modem Macadam Road. —The surfaoe of a macadam 
road newly laid does not maintain itself, as traffio foroes the stones out, 
and thus loosens the surfaoe. If, however, the road is oarefully watohed 
and allowed to properly dry out before the traffio comes upon it, and if 
the traffic that is allowed to oome upon it subsequently is fairly heavy 
and continuous, the surfaoe will more satisfactorily keep its position. 
Where the traffio is occasional, the surfaoe is not maintained, and it 
beoomes necessary to occasionally re-roll to foroe the stone into 
position. 

Effect of Hardness of Stone. —The harder the granite, and the harder 
the stone and fine stuff that composes the matrix, the more difficult does 
it become to obtain a permanent surfaoe. The softer the stone ( e.g . 
limestone), the more easily crushed it is, and a good surfaoe is more 
quiokly seoured. 

The writer is of the opinion that the rolling on the maoadam causes 
a grinding between the stones from whioh a oementing dust or fine 
impalpable powder is evolved. As the roller does not oontinue at work 
long enough to make sufficient fine material, the stones are easily dis¬ 
placed, but subsequent heavy.traffic increases the grinding and more 
fine material is formed. If a man watohed the road and carefully re¬ 
placed any dislodged stone, after a few days there would be little necessity 
for the steam-roller to perform any “back rolling.” Suoh rolling is 
soarcely neoessary on roads formed with limestone, beoause of the fine 
dust that is readily formed by the aotion of the roller on the stone when 
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the latter is plentifully supplied with water. In other words, the work 
done by a roller on the new road is equal to several months’ wear. 

Cementing Power of Dust Powder.— It is well known that almost 
any material if ground to an impalpable powder, with moisture and 
under pressure, will form into a mass. For instance, flints will not 
adhere if they are \ inoh, 1 inoh, or 2 inches in size, but if the stone is 
further broken to very fine partioles the sand will, with moisture and 
under pressure, become somewhat solid. An example of this may bo 
seen by the considerable depth that can be dug on the seashore without 
support, or in pits whore sand will retain a vertical face for a considerable 
time. If this sand oould be ground still finer, no doubt its cohesive 
properties would bo proportionately greater ; if, however, the moisture 
is in exoess, the mass will not adhere. 

Granite is composed of a number of oxides of silicon, potassium, 
iron, magnesium, etc.; these materials may, when in a finely ground 
state with moisture, reaot ohemioally and form a binding agent of more 
or less power, and the cementing result that is desired is attained. A 
loamy or ferruginous hoggin is frequently added to the fine material 
so that combination may more quiokly take plaoe. Whatever the actual 
process going on, it is almost oertain that this fine impalpable powder 
is essential to keep the stones in position to form a good surface in a 
water-bound road. It is equally dear that this grinding is continuous 
with the traffic, as there is quite 100 per oent. more fine material in a road 
that is worn out than was originally plaoed there. 

New Road Composition. —A newly made road is composed of granite 
and hoggin in somewhat the following proportions :— 

Granite.55 to 60 per oent. 

Hoggin.25 „ 35 

Moisture.5 ,, 10 „ 

A road that is in excellent condition is oomposed in the following 
proportions :— 

Granite.About 55 per oent. 

Fine material . . . . „ 45 „ 

Moisture.,, 5 „ 

A road that is worn out and requires repair has the following pro¬ 
portions :— 

Granite.40 to 45 per cent. 

Fine material . . . . 45 „ 50 „ 

Moisture.5 „ 10 „ 



MODERN ROAD CONSTRUCTION. 

Effect Of Moisture. —The above figures will show how it is that an 



old road is more muddy than a new road in wet weather. In Buoh oiroum- 
stanoes there is an exoess of moisture whioh aots as a lubricant, the large 
stones being foroed downwards through the fine material, whioh comes 
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up to the surface. If this fine material is not removed, the moisture 
will evaporate in dry weather, and the traflio will compress the mud into 
a compact and solid mass again. Thus the surfaoe becomes smooth and 
even, showing the oementing properties of the impalpable powder. 

Another phase to be notioed in the action of moisture in exooss is 
that if material of different specific gravities are in the composition, 
the material which has the lowest specific gravity will come to the sur¬ 
face and remain there, while that of higher speoific gravity will sink or 
assume a lower position. It is therefore osscntial that the materials 
composing a road surfaoe should be as nearly as possible of the same 
specific gravity. If, however, there should be a material of low speoific 
gravity, it should be so placed in the structure as not to be easily 
moved from its position. 

It is interesting in this oonneotion to note that if a quantity of large 
material is placed with a quantity of fine material in a box and vigorously 
shaken for some time, the large material will find its way to the surfaoe ; 
but if pressure is applied the fine material is forced upwards. 

Drainage of Roads. —From the foregoing it will be quite apparent 
that an excess of water on a road surfaoe and in its structure is detri¬ 
mental, and therefore any rainfall should be immediately dealt with. 
The oontour of the surfaoe should be so designed that the water may 
pass as quioldy as possible to the ohannel, and the ohannol should be 
so graded that the water shall pass equally quioldy to the gully. The 
macadam surfaoe is not so regular as other surfaoes, and in order to 
obtain these results the fall from the oentre of the road to the sides is 
greater than for any other form of road surfaoe. 

These roads, as a rule, have an average fall from the oentre to the 
sides of 1 in 20, but this figure is not oonstant. 

On a level road, or one with a slight grade, the channels must have a 
fall of 1 in 150 to 1 in 180, the gullies being plaoed 150 to 180 feet apart, 
the nearer the better, in order to more quioldy remove the water from 
the road. It will be evident that the oontour, if 1 in 20 at the apex 
of the gully drainage area or break of the road, will be muoh greater 
at the gully itself (see A and B in fig. 10). 

When, however, the grade is a steep one, that is, greater than 1 in 50, 
there is no necessity for a fall of 1 in 20 from the oentre to the side. In 
fig. 11, whioh is a half plan of a road, A B is the oentre line of the road, 
D C G is the ohannel, half the oentre third A E of the road has a fall of 
1 in 144, and the remainder has a fall of 1 in 37, this being calculated the 
fall of a barrel-shaped contour. Suppose that the road has a longitudinal 
fall of 1 m 50, both in the oentre of the road and in the ohannel, it will be 
seen that if lines are drawn from A at 30* 45°, 60°, etc., the water will 
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take a course in the direction of A C, i.e. at an angle somewhat less than 
45° from the oentre line of the road. Thus the fall from the centre of 
the road to the side might be greatly reduced. 

The oentre third of the road is shown to have a fall of 1 in 144, and 
as the direction of the water will be in the direction of A C, it would 
therefore seem that if a road has a longitudinal fall of anything greater 
than 1 in 100, the oontour, without detriment to its oapaoity for throwing 
the water o£E its surfaoe, oan be modified in the direction suggested, i e. 
instead of making the road “ barrel-shaped,” the curve of the centre 
third should be continued regularly to the side, as shown in fig. 6 by 
the dotted line. 

Kinds of Road-building Stones. —The material forming the surfaoe 
of the modern maoadam road is generally of granite, which is a 
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teohnioal but also a popular name for all plutonic rocks used as 
macadam, and equally applies to syenites, diorites, andesites, diabases, 
gabbros, etc. 

In many parts of the oountry these rooks are not available, and the 
freight charges from the quarries make the stone too expensive. Local 
authorities have therefore had to fall back on the next hardest material 
available—whioh is usually limestone, ragstone, or flint, etc.; eaoh is 
used in precisely the same way as granite. Limestone and ragstone make 
a very white road, very dusty in the summer and muddy in the wet 
wintry weather. Flint probably gives throughout the year a dean and 
most pleasant appearance, i.e. a reddish-brown surface; but the stone 
easily breaks up to fine grit and wears very iapidly. 

Iron and steel slag are used in large quantities in the Midlands and 
in some parts of the North of England, where it is looally available. 
The road so formed makes a very muddy surfaoe under traffic in wet 
weather. 
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Guernsey granite finds more favour in the South of England than 
any other stone, on account of its good wearing qualities. 

In the Midlands, the granite from Clee Hill and Leicestershire 
similarly finds a more ready market, while in Lancashire and 
Yorkshire the Penmaenmawr granite is extensively employed in road 
construction. 

In Scotland, whero granite of various qualities is obtainable, the looal 
stone is used, and this is also the case in Ireland. 

Size of Stone. —The oustom, then, is to use the looally obtainable 
stone and not to consider too closely whether it is better or worse than 
outside material, although this is kept in view. The difference in the 
oost of the various stones is always an important factor, and although 
one may be harder and have better wearing qualities, the manner in 
whioh it is broken will quickly nullify all its other advantages. Stones 
should be broken as nearly as possible to a cubical shape in order to 
obtain the best results, but there are many stones that have been sent 
from the quarries so broken that although they may have been just 
able to pass a 2-inoh ring in one direction, in the other direction they 
would easily pass 1-inoh. 

These shell-like stones are easily broken under traffic conditions, 
and the stone is frequently on that account disparaged. 

Attrition Test. —Probably the best test for obtaining an aoourate 
idea of the wearing qualities of the stone under the best oonditions is 
the attrition test. 

It is carried out by means of a rotary oylinder 11J inches diameter, 
in the inside of whioh is placed three ribs 1 inohxl inch. Four lbs. of 
broken stone 1J inch diameter are placed inside this oylinder, whioh is 
revolved at the rate of 20 revolutions to the minute, until 8000 revolu¬ 
tions have been made ; the stone is then removed, and the total weight 
of any ohippings retained on |-inoh sieve, and of all dust in the oylinder 
and on the stone, is found and its percentage of the original weight 
determined. Similar tests may be made of 2-inoh stone, and also under 
wet oonditions ; the latter is oarried out in a similar manner to the dry 
test, but £ gallon of water is added. 

The following percentages for the stones mentioned on previous 
pages will show the relationship of the various granites—they are 
taken from the tables whioh were made by Mr Lovegrove, M.Inst.O.E., 
the borough engineer of Hornsey; the machine used was that designed 
by the late Mr T. de Oouroy Meade, M.Inst.O.E., city engineer of 
Manchester:— 
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Material 


Guernsey granite-^jj^ 

Quenost granite (Belgium) 
Clee Hill granite . 
Penmaenmawr granite . 
Flints .... 
Slag .... 
Limestone 


Chips. 


Dry. 

Wet. 

0-44 

•05 

1-70 

06 

0-00 

0-00 

0-00 

0 00 

0-00 

0 14 

2-34 

2-73 

0-00 

1-32 

1-85 

3-05 



Dost. 

Dry. 

Wet. 

0 78 

10-40 

0-15 

0-01 

2 03 

4-54 

0 00 

8 45 

244 

3 70 

11 82 

0 08 

8-20 

14-40 

17-53 

30-71 


Average. 

Speoi 0c 
Gravity. 

8-50 

2 86 

8-03 

2-86 

3-73 

2-70 

7-22 

2 01 

3-10 

2 73 

10-45 

2 63 

11-30 

3-02 

24-12 

2-71 


The ohips and dust made in this maohine are merely examples of 
what will happen under similar conditions, and it is suggested that, even 
if the oonditions do not apply in a road, the relationship of the dust¬ 
making qualities of the various stones is established. 

Effect if properly embedded. —If, however, these stones oan he em¬ 
bedded in a mortar or matrix whioh will prevent movement and reduoe 
the grinding to a negligible quantity, then in this respeot the test has no 
value,-because one class of stone would have equal value with another. 

Toughness.—A pieoe of stone is taken and made cylindrical, 3 inches 
long and 1 moh diameter, and the test made with a hammer on the 
principle of a pile-driver; the weight of the hammer is 2 kg.; the fall 
is 1 cm. for the first blow, 2 cm. for the seoond, and so on until the failure 
of the test-piece oocurs. The number of blows is the toughness. 

Cementing Value. —A kilogramme of the stone is broken to pass 
through a 6-mm. soreen, but not so small as to pass through a 1-mm. 
soreen. It is then moistened with water and plaoed in an iron ball mill 
containing two chilled iron balls weighing 25 lbs. eaoh and revolved at a 
rate of 2000 revolutions per hour for 2J hours, or until the material has 
been reduced to a thick dough, the partioles being reduced to 0 5 mm. 
About 25 grm. of this material is then plaoed in a cylindrical metal die 
25 mm. in diameter, and by means of a hydraulio press is submitted to 
a pressure of 100 kg. per square oentimetre. Five of these briquettes 
are taken out and allowed 12 hours in air and 12 hours in a hot oven at 
100° C. After cooling in a desicoator, they are tested by impaot in a 
maohine similar to that described under the head of toughness, exoept that 
the weight of the hammer is 1 kg. and the drop does not exceed 10 om. 

The standard fall of the hammer is 1 om., and the average number 
of blows required to destroy the bond is the oementing value. 




MACADAM ROADS. 


6l 


Hardness or Coefficient of Wear. —Hardness is the resistance whioh 
the stone offers to the displacement of its particles by friction, and 
varies inversely as the loss in weight by grinding with a standard 
abrasive agent. 

The test-pieoe is a oylmder 3 inches x 1 inch diameter, and placed in 
a grinding machine in such a manner that the base of the cylinder rests 
on the upper surface of a circular grinding diso of oast iron which is 
rotated horizontally by a orank movement. The specimen is weighted 
so as to exert a pressure of 250 grm. per square centimetre against tho 
disc, which is fed from a funnel with sand of about 1£ mm. diameter. 
After 1000 revolutions the loss in weight of the sample is determined, 
and the ooefficienoy of wear obtained by deducting one-third of this loss 
from 20. 

Comparison with Concrete. —In concrete where broken bricks, clinker 
refuse, and other kinds of somewhat hard material are used as the aggre¬ 
gate, abrasion tests would be of no service ; the aggregate in this case 
takes a secondary place, and the cement takes the premier position and 
is severely tested before use. The oement and sand forms the matrix of 
the concrete, and it will be the matrix of the bituminous macadam 
whioh will bo of the first importance in road construction. The aggregate 
will be of secondary consideration, and will have to oome into line with 
the matrix; and if the stone is too hard, a softer material will have 
to be tried. 

The stone will become exposed to the beating of horses’ feet and 
the friction of the driving wheels of a motor vehiole. Some test will 
probably have to made or designed to test the oapaoity of the stone to 
resist this form of treatment. 

It is, however, undoubtedly the case that these attrition tests have 
been of great service in assisting engineers to make their ohoioe of a 
material whioh would improve the water-.bound methods of construction, 
but they give no criterion of the life of a pavement; othorwise pieoes 
of wood similar to that used in wood paving, if placed in the machine, 
would probably show no attrition. It is recognised that wood paving 
lasts longer than any of the best granites in a macadam road, and so the 
test is applicable only to water-bound maoadam roads. 
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WEAR OF ROADS. 

Wear on Macadam Roads. —In the year 1831 a Select Committee was 
appointed to inquire into the effect of steam-propelled vehicles on public 
highways Sir (then Mr) John Maoneill gave evidence, which was to 
the effect that the wear on the roads was, m his opinion, due to the extent 
of from 60 to 80 per oent. to the traffic, and from 20 per oent. to the 
weather ; 20 per oent. to ooach wheels, and 60 per cent, to horses’ feet; 
and where waggons are employed, 20 per oent. to the weather, 35-5 per 
oent. to waggon wheels, and 44-5 to horses’ feet. 

It is only within the last two or three years that an example practi¬ 
cally confirmed these conclusions. A road A had been aocustomed to 
a certain amount of traffic which was tabulated. Another road B was 
to "be closed for repairs or improvements, and the traffic that had been 
in the habit of traversing the road B was for some months to be trans¬ 
ferred to road A (the traffic of road B had also been noted). The oost of 
the repair of A under normal conditions was oompared with the repair 
under the extraordinary conditions, and the difference was not found to 
be proportionate to the increase of traffic, but there was an increase 
which was put down to weather conditions, the results being very 
similar to those obtained for the above-mentioned Committee. 

Wear due to Traffic. —In other instances the wear is almost wholly 
due to the traffic ; one might easily be led to consider that a mistake 
had been made if the wear due to the weather was made to be muoh 
larger than the wear due to the traffic, although it is possible that at the 
time the conditions were all m favour of such a conclusion. Probably, if 
a critical examination had been made at the time, a different result 
would have been obtained, which would have caused the methods of 
construction to be seriously amended, if not abandoned. 

Wear on Frost-bound Road. —The illustration that brought the subjeot 
into question was the manner in which a traction engine had been stuck 
deep in a field but easily got out when the moist earth beoame frost- 
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bound. It was also noticed that a vory v,eu TVAt ’ 1 ,l ' 

traffic satisfactorily under frost oonditioiiH. t w f**ai ' ' r ‘ l 

frost-bound during the time the traflio from rtmi i ,,1 ‘ 1,1 M rft ' 

, ,, ,j , , if uh muHi, «« tin* miioiiiif ilmi 

it, the wear would have been no more, • 

had been the oase without B’s traffic. 

Wear on Moist Road.—If a water- bound mini ih m n i»***i*t 

condition it would be quite unable t*> witluitmul heu\\ »*r l * ' MU 
tinuoua traffic for very long. Conat*tl l ii*»tl>\ f* r * r - 

but rather traffic in combination with curtail. uufuwmnibU* uruth-i 

conditions. 


Division of Wear.— Wear due to the w*»ntlii*r, witluml imtlu. »**»hl 
be an exceedingly small item ; traflio wear on gruiute ih « miiuII 
item, as is evidenced by the long-lasting proportion of grmutr wit* w « 
paved road. Macadam roads are mainly aomjHwoil of gruiiito *tml otlior 
material equally hard in itself, so tliat wear on a wutvr huumi intii'AilMtu 


road may be divided into three sections :— 


1. Surface wear due to the traflio ; 

2. Surface wear due to the weather ; and 

3. Interior wear due to the woatlior anti iitton«iliv l In* tntOio 


If the wear under section 1 is small, and under li urnl 3 ih isrge. I hen 
if any means can be applied to eliminate thu weather HTmls iii three 
sections, the cost of road construction mutt be daiwitlrriihty dre resort! : 
m order to gain some idea of the proportion* to be sllotmtetl to moh 
seotion, it is advisable to oonsider the aotual wear nit other rlnMr» nf 
pavement. 

Comparison of Wood Paving, Asphalt, and Macadam. the- id tin* 
most satisfactory forms of pavement is t-hnt of soft wimhI Tim |il»rr of 
a red or yellow deal may not be considered at first night tu lie jm well able 
to resist traffic wear as granite; similarly, asphalt would not be oonstdered 
from its structural appearanoe to have as good a wearing fane u granite 
As a matter of fact, thiB conclusion would tie s perfectly Irgilimeir nnr 
if the granite could be laid down in a sheet from Mile to Ride , however, 
granite is not so used, as it would be too slippery, but in broken up into 
maoadam, and it is remarkable how in this form tlm gram to loses it* 
superiority, and the wood paving and the asphalt prove mors satisfactory 
in every way. 

It is obviously the case, therefore, that tbs stone is not at fault, but 
he structure or method of adaptation. 

Comparison of Wood, Asphalt, and Macadam.—For comparison 
purposes, a good olass macadam road, properly oonstruoted, with a good 
foundation and with a certain amount of heavy traffic, lasta about two 
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years. The same road, with the same traffic, if laid with oonorete founda¬ 
tion and 2-inch layer of rook asphalt, would remain with an even surfaoe 
for probably twenty years. Similarly, the same road, if laid with soft 
wood paving, would wear satisfactorily for quite fifteen years, and at 
the end of the periods there would be a mass of asphalt or wood which 
could be re-used. The asphalt need only be remelted and treated again, 
and the wood blocks could be oleaned and used for repair purposes. 
The writer has taken out all blocks 3 inches and over in thiokness which 
have been in a road over fifteen years and re-used them in roads under 
heavy traffic, and in some oases they have been down five or six years. 
After this road had been repaved the same blooks have been oleaned and 
sorted and used for repairs again. 

Effect of very Dry Weather and of very Wet Weather. —An examina¬ 
tion of a macadam road on a dry windy day will discover a large amount 
of grit in the channels and occasionally on the footpath. 

Similarly, on a wet day, with continuous heavy rain, the ohannels 
will be oovered with a thick coat of fine muddy grit. The road may or 
may not have had muoh traffic upon it. If the traffio has been heavy 
the road is in a heavy clogged condition, and the mud is either in a 
condition for being easily swept by a scavenging gang, or a heavy rain 
will still further wash this material to the channel. Five or six years 
ago these conditions were observed, and an examination of the records 
of the tonnage swept on a wet day showed that the weight was two and 
three times greater than in the case of the amount swept up on a dry 
day. The moisture in the mass would not account for the whole of the 
difference; it was obvious that the weather had brought up from the 
interior of the road a considerable quantity of gritty material. 

At the International Eoad Congress in London, 1913, there were a 
large of number of papers submitted and disoussions took place on the 
gist of opinions expressed in those papers In a large measure the 
resolutions that were approved were of a very general character, as is 
natural, seeing that there are no two countries in the world where the 
conditions are exactly similar. In the British Isles we have a moist 
atmosphere all the year round; in other more extensive countries 
the atmosphere is either dry or muoh less moist Then, as regards the 
weather, it is in this country somewhat as was described by an American 
commercial traveller who, when he returned to the United States, was 
asked what he thought of the weather here, replied: “ Yery good as 
samples ”—from whioh one might infer that when a rain ocourred in 
America there was a continuous downfall, or if a frost it would last a 
considerable time, and so on, whereas here we may have rain, frost, and 
snow on the same day. Suoh weather has a very bad effect on pavements, 
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and special precautions have to be taken which would not bo necessary 
to the same extent elsewhere On the other hand, the range of tempera¬ 
ture here is within more reasonable limits, and would be easier to oater 
for than in those cases whore the range was much greater, or on a higher 
or lower scale. 

Conclusions at International Road Congress on Weather.— From the 
Resolutions passed by the International Road Congress, the following 
are extracted:— 

“1. Weather conditions are amongst the most powerful influences 
which cause deterioration of roads, and that tho destructive offeots of 
weather can be minimised by effective waterproofing of tho road surface, 
with suitable drainage for tho foundation. 

“2. Any considerable volume of traffic, consisting of either hoavy 
vehicles or high-speed light motor oars, has a seriously damaging effect 
on water-bound macadam roads. The damage oaused is effected by the 
balancing of the motor, the ratio between propelling power and adhesivo 
weight; the weight of unsprung portions of the motor, tho progressivity 
of aotion of the brakes, the system of springing, the typo of tires 
employed, the diameter of tho wheels, the width of the rims, variation 
of speed, and adhesion and other factors. 

“ 3. The damaging effect of heavy motor vehicles can be minimised 
by the use of wheels of large diameter ; tires of a width properly adapted 
to the weight of the axle load; rubber or elastio tires and suitable 
springs, and that all reasonable means of reduoing the damage to roads 
caused by such vehioles should be enforced. 

“ 4. Exoept in the case of sharp curves, light motor-car traffic does 
not oause serious or exceptional wear or damage to properly made 
macadam roads which have boon treated or bound with tarry bitu¬ 
minous or asphaltio materials. 

“ As regards horse-drawn vehioles, it is also desirable to study the 
relations between load, width of rims and diameter of wheels, and more 
especially the shoeing of horses. It is also necessary that power should 
be given to local authorities to prevent the deposit of refuse from the 
fields and earth upon the roadway by the wheels of agricultural oarts. 

" 5. There is a great lack of precise information in regard Jo the various 
oauses of wear and deterioration of roadways, and that it is desirable to 
oolleot more information compiled on oarefully devised soientifio methods 
standardised as far as possible for the purpose of comparison, and to 
make further systematic study of these oauses. 

" The International Permanent Commission is charged with the pre¬ 
paration of a programme of observations, studies, and experiments.” 
Comments on these Conclusions. —These resolutions are based in 

5 
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a very large measure on the efEeot that the traffic has upon roads which 
are unsuited to the traffic now ooming upon them, whereas m pre-motor 
times these roads did not so easily beoome damaged, owing mainly 
to the fact that the traffic was not so great either in speed or weight; 
for example, the effects are seen on macadam roads clearly, but they 
are less dear on both asphalt and wood paving, and scarcely notioeable 
on granite setts. It would be difficult to say that speed has a dele¬ 
terious cffeot on a road pavement, when on a good road the tractive 
effort of a vehicle travelling at high speed is only about 36 to 40 lbs. 
per ton, whereas the effort for low speeds is about 19 lbs. per ton. 

The Satisfactory Road Structure. —The secret of the satisfactory 
road structure is wholly contained in the “ maintenance of an even and 
regular surface ”; the difficulty is to obtain a structure that will give 
this surface and at the same time be reasonable in cost, e.g. a road made 
of rustless steel would have an indefinite life, and none of the observa¬ 
tions put forward in the above resolutions would apply, beoause the 
causes of damage there mentioned would not affeot suoh a surface; 
but the oost of suoh a road structure would be so great that no authority 
could afford to lay it down. To go to another extreme, one oould 
probably secure an almost pure rubber pavement, but the same argu¬ 
ment applies as to its cost; the two examples of rubber pavement 
coming within the knowledge of the writer cost about £6 per superficial 
yard, whereas local authorities are demanding road structures at a 
oost of from 2s. to 6s. per superficial yard. There is a wide difference 
between these figures. 

The Best Substitute. —Instead of accepting the ideal material, road 
engineers aTe endeavouring to seoure something whioh is probably at 
best a cheap substitute, and because it is difficult to make the substitute 
do as muoli as the ideal, available but expensive material, owners of 
vcliiolos are being asked to assist by suiting their vehioles to conditions 
required by the substitute. This is a perfectly reasonable attitude, 
because in any oase the user has to pay a proportion of the oost, and he 
ought therefore to be willing to assist as far as possible. 

But the question arises as to whether any material alteration is 
possible. It lias not been deoided whioh of the two damaging factors 
ib the more deadly—weather or traffic. The writer is strongly of the 
opinion that the weather has by far the most damaging efEeot on 
maoadam, and to a small extent on asphaltic pavements; it has least 
effeot on wood paving and granite setts, and would have little efEeot on 
the iron oi rubber pavements mentioned above. 

Weather and Traffic. —It has already been mentioned that weather 
effects aTe trifling if there is no traffic. This must be obvious, but the 
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point that is intended to he raised is that the weather has some definite 
effect on the pavement, so that when the wheel comes into oontact with 
the area so affected the road structure is thereby damaged, probably 
by the weight of the load on the wheel, the speed, or a combmation of 
both. Damage that is so caused brings about unevenness at that 
point; and once unevenness makes itself apparent and is not remedied, 
the vehicle, by means of the transference of the shook due to the use of 
springs, oauses excessive or alternating extra effects, i e. an excess of 
the usual weight and speed effeot on the neighbouring area over which 
the wheel has to traverse. Thus these adjoining areas beoome affeoted, 
and eventually it is spread over the whole length of the pavement. 
This is demonstrated on the diagram (p. 96), and the deduction is 
that the traffic is only a subsidiary cause ; the real cause is, as will be 
gathered, the effect of the weather on the material composing the 
structure. 

INVESTIGATIONS ON THE WEAR OF WOOD PAVING. 

In order to investigate the matter still further and to endeavour to 
discover the proportion of wear due to the traffic and to the weather, 
the rate of wear was taken of the wood-paved roads ; it will be gathered 
that there would be no internal wear of wood pavements, it would be 
wholly surface wear due to traotional resistance. Table VIII. gives 
the results for the year 1914-15, and inoluded in the table is the wear 
of the pavement averaged over a period of three years prior to 1914. 
The date when the pavement was laid down is also indicated, its life 
m the year 1918, and the estimated life of the pavement based 
on the rate of wear divided into the depth of 2-00 inohes, whioh is the 
limit of wear allowed. 

It will be notioed that in several cases there are roads in whioh wood 
pavement has been laid and the actual life exceeds the estimated life 
of twenty years. The life of a pavement is limited so far as the cal¬ 
culations are oonoemed to twenty years, even if the figures permit of 
a longer term. 

Depth of Block according to Volume of Traffic. —It is also clear 
that in several instances it would have been equally satisfactory and 
less oostly if the blocks had been 4 inches or even 3$ inohes deep. It 
might even be more advantageous to lay the shallower blocks in main 
thoroughfares, as after a period of nine or ten years there are weak 
places in the pavement due to inequalities of the timber, whioh are 
developed by heavy traffic, and oause more frequent repairs to secure 
the even surfaoe and use to the full the blocks in the remainder of the 
pavement. 
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Table VIII. —Wood Paving. 


Name of Road 


1 • 3 

If I 

8 fi 





& 

Q 


§ 

£ 


1. Avoamorc Rond 

2 Buronscouifc Rand 

3 Cnmwath Road . 


Tib. 

Yrs 

Ins. 



In 

In & 

0,220 

. 1900 

18 

6 

8 80 

1 14 

0 08 

0-080 20 

GIB . 

1000 

18 

G 

4 30 

0 01 

0-04 

0 018 20 J 

000 . 

1003 

10 

3 

3 07 

0 83 

0 02 

0-03 . 


1 Dawes Road— 

Farm Lane to Salis¬ 
bury 

Salisbury to No. 106 


No IOC to Munster 
Road 

Munster Road to 
Police Station 
.*>. Distillery Lauo , 

II Farm Lane . 

7 Fulham Road— 

Stamford Bridge to 
No. 530 

No. B2B to Cedar Ed 


Oedni Rd. to Fire Btn. 
FireStn toEppleRd 
Epple Rd. to Bnr- 
lbgton Rd. 

8. Fnlham High Street 
aud Putney Bridge 
Approach— 
Burlington Rood to 
Church Row 
Ohuroli Row to sett 
paving, Putuoy 

0. Fulham Palana Rd.— 
Ring’s Head to 
Bishop’s Avonno 
Bishop’s Avenue to 
Cowan Avenue 
Cowan Avenue to 
Inglothorpe Street 
Inglethorpe Street to 
Crabtree Lauo 
Crabtree Lana to 
borough boundary 
10. Harwood Rood— 
Fulham Road to 
Town Hall 
Town Hall to New 
Ring’s Rood 
LI. Hurllngham Road 
13. Jerdan Place 


18. Ring’s Road— 

Stamford Street to 1 
Britannia Road / 
L4. New Ring’s Road— 
Britannia Rood to 
Bagley’s Lane 
Begley’s Lane to 
W ends worth Bridge 
Road 

Wandsworth Bridge 
Road to Broom- 
house Road 
Broomhouse Rood to 
Ashington Road 


0,170 

18 7 

1006 

13 

6 

4 10 

0 00 

0-07 

0 070 

20 

1,038 


1800 

22 

G 




.. 

.. 

3,800 

13 1 

1009 

0 

6 

4 72 

0 26 

0 05 

0 00 

20 

2,040 

16 0 

1012 

e 

41 

4 88 

0 17 


.. 


1,050 


1901 

17 

6 

4 78 

0 21 

0 01 

0 018 

20+ 

1,081 


1000 

0 

4 

8 78 

0 22 

0 04 


2o| 

4,810 

11 

1904 

14 

6 

3 70 

1-24 

012 

0-12 

18 

1,164 

181 

1011 

7 

6 

4 84 

016 

0 06 


20 

7,200 { 

12 l 

3*/ 

1004 

11 

6 

8 80 

111 

0 11 

013 

18 

2,800 

18 7 

1004 

14 

5 

418 

0 82 

0 08 

0 08 

20 

0,800 

16 

1006 

IS 

5 

4 38 

0 67 

0 07 

0 088 

20 

4,040 

14-0 

1007$ 

11 

0 

4-40 

0 64 

0-08 

0 080 

20 

2,708 

14 0 

1000$ 

0 

6 

4-41 

0 60 

010 

0-100 

20 

3,480 

01 

1008 

10 

6 

4 74 

0 20 

0 04 

0 040 

20 

2,802 


1800 

10 

6 

4 41 

0 60 

0 04 

0 048 

20 

6.14G 


1001 

17 

6 

4 32 

0 68 

0 06 

0-068 

20 

0,788 


1008 

10 

6 

4 70 

0-21 

0 04 

0 04 

20 

0,888 


1800 

10 

6 

Extensively repaired. 


010 

16 

1907 

11 

8 

4 46 

0 56 

OOS 

0 00 

20 

4,024 

10 

1008 

10 

6 

4 01 

0 80 

0 07 

0 060 

10 

600 

9 01 
00/ 

1008 

10 

6 

4 70 

0 31 

0 08 

0 083 

20 

642 { 

1010 

8 

6 

4-76 

0 24 

0 07 

0-07 

20 

2,080 { 

Sil 

11-41 

1007 

11 

6 

4-24 

0 70 

0 11 

0-100 

20 

1,068 

11-1 

1907 

11 

5 

4-27 

0 78 

0-10 

0 008 

20 

1,164 

16-10 

1912 

6 

4-6 

441 

0 09 




10,702 


1808* 

20 

5 

3 82 

118 

0 07 

0 07 

20 

1,716 

., 

18B4 

24 

5 

A considerable area re- 


paired. 


Rom arks. 


Do welled Jarroli as¬ 
phalt substituted In 
1018, Contraction 
vory bad. 


A largo area repaired 
In 1018 

* Laid with red gum 
which was un¬ 
satisfactory. 

t The estimated life, 
although lb may 
exceed 20 yoars, Is 
taken at that 
figure. 

$ Those areas wore 
repaved with old 
cleaned blocks. 

■> 


Tramways wore 
laid through 
thesa roads In 

i- 1008. 

The tramway araa 
is 14,418 super¬ 
ficial yards. 


i 


4-iu. recommended 
Instead of 6 In. 
do. 


do. 


do. 
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Table YIII. — continued . 


Namo of Horn], 




i 

Is 



<11 

s 

1 


Huinar'kfl 


14, New King’s Bond— emit 

Ashlngton Hood to) 
Burlington Bond I 

Bnrlington Bond to 
High Street 

15. Lillie Bo ad— 

Fulham Palaco Boad 
to Police Station 
Fulham Gross to 
North End Bond 
North End Bond to 
Blchmond Place 
Lillie Bridge, Blch¬ 
mond Place, to 
boundary 

10. Margravlno Bond— 
Greyhound Bond to 
GaBteln Bond 

17. May Street and Grey¬ 

hound Boad— 
North End Boad to 
Fulham Palaco ltd. 

18. Moore Park Boad— 

Harwood Boad to 
Waterford Bond 
Waterford Hoad to 
Fulham Bond 
10. Munster Boad— 

New King’s Boad to 
Fulham Boad 
Fulham Boad to 
Dawes Boad 

20. North End Bond— 

Matheson Boad to 
Star Bond 

Star Boad to Sod-1 
dlesrombo Bond / 
Seddloscombe Bond 
to Walham lln. 
Convenience 
Walham On Con¬ 
venience to Dawes 
Bond 

Dawes Boad to Ful¬ 
ham Boad 

21. Hylston Boad 

23. Sherbrooke Boad 
38. Stamford Street . 

24. Stanley Bridge— 

Centre to Stamford! 
Street / 

30 St Duns tan’s Boad— 
Fulham Palace Boad 
to Margravine 
36 Yana ton Place— 

Fulham Boad to 
Farm Lane 
Farm Lane to North 
End Boad 

37. Wandsworth Bridge 
.Boad— 

New King’s Boad to 
Sandilanda Boad 
Haslebury Boad to 
Oakbury Boad 


3,076 

Yrs 

I860 

Ym 

10 

Ins. 

6 

Ins. 

8*77 

Ins. 

1*28 

In. 

0 08 

III 

o*ou3 

|S 

20 

/-4-in. instead of 0- 
J In. blocks recom- 
3 inendod In tills 











^ COSO. 

2,0(10 



• 

0 

4 00 

Largely patchud 


Pltcli-plna blocks. 

2,032 

18-7 

1600 

12 

0 

4*38 

0 02 

0*08 

0*00 

20 


8,680 


1807 

21 

6 

8,(31 

1*80 

0*08 

0 068 

20 


4,407 

0 1C 

11007 

11 

0 

4*83 

0*67 

0 00 

0*10 

20 



11-4 










701 

10 8 

1608 

10 

0 

4-10 

0 84 

0 11 

016 

18 



0*8 










230 

•• 

1603 

10 

r> 

4 23 

0*77 

0 00 

0*00 

20 

4-1 n. recommended, 

12,BOO 

• 

1600 

18 

6 

4*18 

0-82 

0*00 

0 06 

20 

do. 

640 

.. 

1861 

27 

6 

4 27 

0 78 

0 08 

0*0B 

20 

do 

3,670 


1008 

10 

0 

4 80 

0*20 

0 08 

0*038 

20 

do. 

8,180 

. 

1600 

18 

6 

4 70 

0 80 

0*08 

0*086 

20 

do. 

6,466 


1600 

13 

0 

4*70 

0 20 

0 08 

o*oan 

20 

ilo 

8,000 

63 

1808 

20 

6 

a 24 

1 70 

0*11 

0*11 

20 


8,400{ 

11-0 

110 

}10(14 

It 

0 

3 07 

1*33 

0*12 

(1*12(1 

17 


4,280 

10 8 

1007 

11 

0 

4*40 

0*00 

0 OH 

0*00 

20 


1,607 

13*11 

1010 

8 

6 

4 80 

0*20 

0*00 


•• 


1,607 

.. 

1800 

23 

6 

a 68 

1*47 

0 08 

0*08 

20 


670 


1603 

10 

0 

4*86 

0*60 

0*06 

0*00 

20 

4-ln. recommended. 

2,111 

., 

1808 

26 

0 

8*88 

1*17 

0*00 

0*068 

20 

do. 

400 


1600 

18 

0 








8*1) 










873 J 

0*8 > 

1018 

0 








1 

8*1) 










3,000 

•• 

1606 

18 

0 

4*70 

0*80 

0*08 

0*088 

20 

do. 

1,121 

18*7 

1610 

8 

6 

4*77 

0*28 

0 06 




040 

•• 

1862 

36 

0 

8*46 

1*04 

0*07 

0*066 

20 

do, 

6,007 


I860 

38 

464} 

Centre area relald only, 1018 


3,880 

.. 

1808 

30 

6 

sup. 
8 88 1 

yards 
162 | 

0-101 

0*10 1 

30 
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Table VIII.— continued. 


Nome of Hoad. 



llomorka. 


37. Wondswortli Bridge 
Hoad— coni. 



Yra. 

Iue 

IllH. 

Inn. 

Li. In. tS 

Oakbury Hood to 
Stephimdolo ltoail 

4,404 

IKIIU 

10 

6 

3-40 

i-ni 

(Mil 0 003 3(1 

Stophondulo Hood to 
Towiunniul Iloail 

3,13.1 .. 

1000 

18 

n 

:i 17 

1-53 

II-LI 0 000 3(1 

Xowumood Hoad to 
nml ol Wandsworth 
Bridge 

i.inn .. 

1000 

18 

n 

.1 30 

Loll 

0 15 0-110 lo 

To tail 

303,3(18 








Rubber-Tire and Steel-Tire Effects.— There in also evidence in these 
figures that the rate -of wear is decreasing. This is due to the fact that 
rubber tires are in mure common use on all classes of vehioles, both 
heavy and light, and it is the tire that is taking a proportion of the 
wear whioh lias been mainly confined to the paving. Wherever there 
has been a great increase in commercial motors, as in Wandsworth 
Bridge Hoad and Now King’s Hoad, the rate of wear is not decreasing 
to the Hamo extent as, say, on the Ji’ulliam Road, thiB being due to the 
fact that Hteol tires are used on the majority of commercial vehicles. 

A very fair idea of the rate of wear is obtained, and it will be seen that 
it works out at slightly less than 0*09 inch per annum over the principal 
roads. In many cases it is loss than this figure, and in a few it is greater; 
but compared with the year 1909 it is a reduction of about 2B per cent., 
as the average rate of wear in that year was just below 0*12. 

Repair of Roads. The table muHt bn taken in comparison with a 
repair table. It will be notiood that the repair averages l-59d. per 
superficial yard per annum, but in previous yoars it was only Id. per 
superficial yard per annum. 

It will not be out of place to give the record of the cost of repairs 
to the principal Toads during the past ten years, and in Table IX. the 
oost of repairs are given worked out per superficial yard. 

Average Cost o! Maintenance of Wood Paving.— The average cost 
over the ton yoars is also given. The keeping of suoh a table is of great 
value to the engineer of a local authority in control of the roads, because 
he can by inspection estimate the expenditure that has to be provided 
for over a number of years, and an average sum oan thus be allocated to 
each year whioh, if not expended in that year, oan be oarried forward to 
the next year, when double the amount of work may have to be oarried 



Traffic In l'ona 
por ft. por day 
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out. By this means the rates can be equalised. It also indicates whether 
the rate of expenditure is going beyond its proper limits for repair. 

Life of Paving. —The life of a pavement cannot be taken strictly by 
means of measurements—it is only a useful guide; it depends largely 
on the degree of satisfaction that is required in the locality. In some 
cases we hear that renewal cannot be delayed beyond nine years, where it 
is desired to maintain the road in perfect order; in one or two oases the 
period is fixed at even a lower figure. 

But, in the wnter’s opinion, both these views are extreme; it may 
of course be necessary, when there are tram tracks, that the pavement 
should he renewed at more frequent periods than would be the case 
where the road surface is free from steel rails, which do not wear so 
rapidly as wood paving. It will he seen by olosely examining the table 
that the only road with tramway tracks costs very much more for repairs 
than any of the other roads. The examination inoludes the age of the 
pavement, also the fact that only half the road width is maintained by 
the local authority, and it would be fair to say that only half of the 
traffic uses the area so maintained, the other half using the tramway area. 

Renewal of Wood Paving. —It may be necessary, where there is 
a great intensity of traffic, to renew in preference to repair, because 
of the difficulty in carrying out repairs whilst the traffic is occupying 
the greater part of the road continuously. 

Apart from these extreme cases, there is no apparent reason why 
stitch-in-time repairs should not he carried out, in which case the pave¬ 
ment will last twice the length of time mentioned above. 

Weak Places. —The lack of attention to the weak places is the main 
cause of the damage that is subsequently made apparent. This is dealt 
with in detail when considering the problem of foundations of roads, 
which is explained on page 97. 

As a rule soft-wood paving under moderate or heavy traffio does not 
require any appreciable attention during the first six or seven years of 
its life. There are cases, however, as will be seen from the table, where a 
new or re-pavement has been laid down, and where a number of repairs 
have been necessary in the first years of its life. These have been 
mainly due to subsidences of sewers, water-main difficulties, etc. 

Analysis of Costs of Maintenance. —Assuming that a figure of 9d. 
per superficial yard is the limit of cost of the paving that is to be put 
down during its life of, say, twenty years or less, and that the pavement 
apart from foundation costs is 7s. 6d. per square yard, then 4Jd. repre¬ 
sents the cost of the pavement, i.e. the original cost divided by its 
estimated life. Suppose the cost of repairs during the first six years 
of its life is $d. per annum, or a total of 2d. per superficial yard, the 
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repairs afterwards will be in a gradually increasing scale to keep it in 
a satisfactory condition; then during the next fourteen years of its 
life an average of 7d. per superficial yard per annum can be spent on 
repairs, so that the cost of the pavement during the twenty years 
would not exceed 9d. per superficial yard per annum. It will bo 
seen from an examination of the whole of the cost of repairs of the 
roads under review that the costs have not exceeded 2'6d. per super¬ 
ficial yard per annum. It may therefore be taken that the cost of 
the paving has been considerably under 7d. per superficial yard per 
annum, and the most expensive roadway is under 9d. per superficial 
yard per annum. The traffic which those roads are being subjected to 
is given on page 4 and facing page 82. 

Census of Traffic. —The next point to consider is the traffic whioh 
caused the wear on these wood-paved roads. A census was taken in 
March and April 1909 and again at the same places in June and July 
1914 over a week at each of the twenty places determined upon. 1 

The daily and weekly averages are shown, and the weights taken per 
vehicle are also indicated; they are similar to those which have been 
ietermined by the Road Board. It is open to doubt whether they 
really represent the loads, because the probabilities are that on a prin¬ 
cipal road such as Fulham Road the weights would be higher than on 
he others, because the vehicles would be more heavily loaded, seeing 
hat they are passing through the borough, whereas in the others the 
Tehioles would be only partly loaded, through having distributed the 
joods they carried in the borough itself. 

A comparative table has also been included which gives the percentage 
)f decrease or increase on the census which was takon in 1909. 

Rate of Wear according to Tonnage. —The tables facing page 82 give 
he results so obtained, and indicate the wear per 100 tons of traffio per 
r ard and per foot of width of roadway per day. 

It is perhaps necessary to make a few explanatory oomments on 
he columns indicating the rate of wear. 

The average works out at 0'027 inoh per annum per foot of width 
ier 100 tons of traffic per day. The width of the road has some influence 
n the wear, as it may unduly concentrate the traffio if it is narrow or 
pread the effect of the traffic if it is wide. The amount of steel-tired 
nd horsed traffic also has its influence ; for example, take the case of 
Van^sworth Bridge Road : here the percentage of both steel-tired and 

1 A map of Fulham showing the roads that are wood paved, asphalted, and sett 
ived will be found at the end of this volume. The positions where the census were 
iken in each oase are also indicated. The periods were taken as representing the 
jrtaons of the year when a fair average of the traffio could be secured. 
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horsed, traffic is equal to about three times that of the average of tho 
other roads, and it is a remarkable coincidence that the rate of wear is 
just about three times the average rate. Again, in the case of North 
End Road, the percentage of horsed and steel-tired traffic is about twice 
that of the roads showing average wear, and here again tho rate of 
wear is nearly twice that of the averago rate. 

Ono is therefore inclined to draw the inference that, as there seems 
to be no other reason why the rate of wear in these cases should be so 
much higher, that the steel-tired and horsed traffic wears the road 
structure in a direct proportion to the ratio of percentage of such traffic 
to the total traffic passing over the road. But although this contention 
may be supported in some of the examples, there are other cases where 
sucli a rule does not apply, and therefore it is inadvisable to do more 
than note the fact for future examination. 

The figures given in this edition are different from those mentioned 
in the first edition. There are several reasons for this : one is that the 
traffic in the 1914 census was taken over twenty-four hours, and in 1909 
it was only over twelve hours ; another iB that tho traffic has changed 
very considerably. There was in 1909 a muoh larger percentage of 
horsed traffic and steel tires, and therefore, as has been indicated 
previously, this would account for the reduoed rate of wear. 

There are several oases in the table where tho measurements are 
omitted ; this is duo to heavy repairs having boon carried out, and the 
figures would in consequenoe be misleading. 

Rate of Wear In Direct Proportion to Weight of Traffic.— -Where the 
road has been laid down over twelve years tho wear is likely to be 
greater than on a pavement which has a lesser ago, and this will account 
for ratio not being absolutely complete ; but after full consideration it 
must bo conceded that there is distinot evidenoo that the rate of wort 
is in a direct ratio to tho weight of the traffio. 

If a lino of railway be taken as an example, it oould easily be proved 
that the rate of wear is entirely and directly due to the traffio passing 
over it, and henoe thore is more justification for assuming that the con¬ 
tention set forth abovo is likely to be a true ono. Rate of wear of a 
pavement depends upon the olass of tires used upon it, and from the 
examination one may fairly oonolude that rubber tires should he 
onoouragod for vehiolos traversing the road surfaoe. 

COMPARISON OP WEAR ON MACADAM. 

The above figures do not prove what the wear of the surfaoe of 
maoadam road is. It, however, inchoates the amount of wear on a 
material of a softer oharaoter than granite, and that the wear should not 
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be exceeded where granite is used in the road surface. It will be 
acknowledged that in the case of the use of granite setts the wear would 
not be as great as that shown for wood pavements ; and similarly, where 
the road surface is composed of an asphaltic material (fine sand or grit 
and bitumen or natural asphalt), the rate of wear is much less. There¬ 
fore, on a macadam road the wear due to traotional resistance is amply 
allowed for by assuming the same rate of wear on the maoadam road as 
for wood paving. 

In order to estimate the traffic on the maoadam roads, all traffio suoh 
as motor buses, motor oabs, motor lorries, light tractors, trailers, andtrao- 
tion engines were eliminated—these being considered as through traffic 
not touohing the bye-streets, whioh are macadamised. A proportion of 
the other vehioles may also be considered to be through traffio, but it was 
not thought advisable to exclude them, as probably some of the motor oabs 
and light motor vehicles may have their destination in the distriot where 
there are motor garages, or the roads are wood paved or asphalted. 

In 1909, when there were 51 miles of macadam roqds, it was thus 
estimated that 40 per cent, of the traffic of the main roads, which were 
wood paved, passed over these bye or subsidiary streets, and in this 
figure only about 60 per cent, of the horses touohed these streets. The 
rate of wear then was | inoh on the whole of the wood paving, represent¬ 
ing about 360 tons of wood fibre per annum. In 1914 the rate beoame 
reduced to ^ inch, representing about 250 tons of wood fibre. Since 
1909, however, the maoadam roads are reduced in length by 10 miles, 
this area having been reoonstruoted with asphalt, so that now it is muoh 
more difficult to find the amount of traffio passing over the reduced 
area of macadam roads. In 1914 only 20 per cent, of the traffio was 
estimated to pass over the combined area of asphalt and macadam roads. 

Weight of Manure, Grit, etc. —The amount of manure, wood fibre, 
and grit, including that from the side roads brought on to the wood- 
paved roads, was observed to be as follows :— 


Table X. 



Date. 

Weight of DuBt, oto. 

Rainfall. 


1909. 

tons. 

owts. 

qra. 

inches. 

June 28 

p , 

11 

10 

1 

0-11 

„ 29 


14 

18 

0 

nil 

„ 80 

, , 

14 

15 

1 

0-10 

July 1 


14 

2 

1 

nil 

„ 2 


14 

10 

2 

nil 

„ 3 


14 

14 

S 

nil 



80 

3 

0 
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To still further test the accuracy of thoso figures, the weight of the 
manure, etc., was observed over a mile of the principal road :— 

Table XI.— Fulham Road (One Mile) 



Dry Weathor. 



Wot Woathor. 


Dato. 

Woight of 
Manuro, oto. 

Rainfall. 

Date. 

Woight of 
Manuro, otc 

Rainfall. 

1910 . 

tons. owts. 

qrs. 

inches. 

1010 . 

tons, owts 

qrs. 

3 

Inchos. 

April 4 

1 0 

2 

nil 

April fi 

2 0 

0 05 

„ 7 

1 1 

2 

0 01 

.. « 

1 0 

2 

0-03 

» « 

1 1 

3 

0 01 

„ 13 

l 17 

3 

0 05 

o 

0 19 

0 

nil 

„ 14 

l lfi 

3 

0-11 

» n 

0 17 

3 

ml 

„ lfi 

l 12 

3 

0-01 

„ 12 

1 4 

0 

nil 

„ 10 

1 4 

1 

0-07 


fl 10 

2 



10 0 

3 



Sinoe these figures wore taken, other rocords show that the tonnage 
of refuse taken from the wood-paved roads in 1913 was 75 tons, and in 
1914 it was reduced to 68 tons. In five years the reduction is equivalent 
to 884 tons per annum, duo no doubt to the decrease in horsed traffio 
and reduced wear of the wood pavements. 

Effect of Rainfall.—The above figures in Table X. are interesting, 
because on Juno 30, 1909, there was a rainfall of 0*16 inch, which did 
not inoroaso the amount of refuse as compared with the amount oolleoted 
on the previous day, whioh was dry. But on April 8 and 16, with 
rainfall of 0-01 inoh on each day, the latter day gave an inoiease of 
50 per cent. 

From the above figures it would bo a fair assumption to consider 
the manure, oto., from the roads to bo at the rate of 6 tons per week 
per mile. Tho amount therefore from the 12 miles of wood-paved 
roads would bo 3750 tons, added to which would bo 250 tons of wood 
fibro, making 4000 tons in all. As only 20 per oent. of the traffio passes 
over tho remaining 51 miles, and 10 miles of these roads have been 
asphalted and aro the roads that arc the most heavily used, it would be 
a reasonable approximation to plaoo tho figure of the percentage of 
traffio passing over the 41 miles of maoadam roads at 15 per cent.; 
therefore, if i 3 * inch is the wear of the wood paving, Vfr inch should 
be the wear of maoadam, whioh would be equivalent to about 270 tons 
of grit from the maoadam per annum, making a total of 4270 tons. 
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Result of Tar Spraying and Asphalt.—In order to find whether these 
rosults could bo obtained, tar spraying the surface of the macadam roads 
was begun in 1907-8 over 20 miles of these roads; as a oonsequenoe, 
the reduction of refuse collected from the streets was very noticeable. 
In 1908-9 the whole of the macadam roads wore treated in a similar 
manner, and it has since boon continued. 

A chart showing the weekly collection and how the tar is affected 
by the weather is given facing page 244 ; the following totals, however, 
show the amount collected each year for the past ten years, and in this 
period 10 miles of the roads have been asphalted. 

Table XII. 



Tonnage of 


Tonnage of 

Year. 

Refuse from 

Year. 

Refuse from 


Streets. 


Streets. 

15)07-8 . 

13,400 

1013-14 . 

7,021) 

1008-0 . 

11,000 

1014-1G . 

0,083 

1900-10 

10,ICO 

1016-10 

0,200 

1010-11 

0,038 

1010-17 . 

fi,773 

1011-12 

8,300 

1017-18 . 

5,303 

1012-13 

8,276 




In the past three years there has been a distinct falling off of trafiio 
in the bye-streets, due to the effects of the war; the horsed traffic on 
the main roads has notioeably decreased, so that it may be inferred 
that the last four years’ results are due to the reduction in traffio. During 
the years 1911-14, the greater part of the 10 miles of roads that wore 
asphalted was carried out. Although the actual reduction in manure 
collected on 12 miles of roads was 884 tons, a still further addition 
should be made to this figure in order to allow for the reduction that 
would be made from the same oause on the whole of the streeta-it 
would not be more than 2000 tons per annum during the whole of the 
ten years. 

Taking the figures for 1914, i.e. 6683 tons, the difference between 
the theoretical amount (4270 tons) and the aotual amount colleoted is 
2413 tons, i.e. about 60 tons per mile of macadam roads or 0-14 inoh 
from the whole surface of the structure of those roads, whioh represents 
60 per oent. greater wear than on the wood-paved roads with only 16 
per oent. of the traffic. 

Fifteen per cent, of the traffio in 1914 is equivalent to J)Q per cent, 
of the traffio in 1909. 

Sinoe 1914, the amount of refuse oolleoted from the roads has beoome 
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still further reduoed, so that in 1917-18 it was only 6393 tons, or 1123 
tonB greater than the quantity that would be oollected if the whole of 
the roads had been wood paved; but this reduction is explained above. 

Allocation of Wear of Roads.— The conclusion that may be legiti¬ 
mately arrived at is that as traflic and weather are the two factors in 
the wear of a macadam road, the weather is directly or indirectly re¬ 
sponsible for at least 90 per cont. of the wear and the traflic is only 
responsible for the remaining 10 per cent., or wo may divido it more 
satisfactorily into three olasses :— 

1. Surface wear due to traotional resistance = 10 per cent. 

2. „ „ weather =6 „ 

3. Interior wear due to traffio and weather = 85 „ 

The latter is capable of being greatly reduced, oven if it could not 
be entirely eliminated, and if a material oan be found whioh could be 
so added to the structure of a macadam road which would eliminate 
the weather efieot and make the internal particles immovable by the 
traffic, the life of the road would be extended over a very considerable 
period far in exooss of its life as at prosont. There have been many 
suggestions and experiments by various people to effect this policy, and 
some of thorn will be doalt with later. 

Economies In Maintenance Costs. —It will not be out of plaoo to 
mention hore the economies that have been efieoted by the work that 
has been done in this direction in Fulham. The cost of soavenging the 
refuse in a London distriot is considerable, and during the war the 
oosts may be said to be abnormal, therefore present costs are not used, 
but it would not be at all an unreasonable figure to fix the oost of 
collection, cartage, and disposal at £1 per ton, therefore in the ten years 
the oost has been reduoed by £8000; but, making allowance for the 
normal reduction of manure of 2000 tons, tho net economy due to these 
methods of dealing with the roads is about £6000 per annum. To 
this must be added the oost of what would have had to be paid for 
replacing the material that is taken from the road in order that it should 
be maintained at its original levol and oontour; i,e. if 6000 tons of grit 
is taken from the structure of the road, the same quantity must eventually 
be replaoed. A ton of maoadam oosts for material, labour, oarting, 
rolling, etc., at least 26s., therefore the amount of the eoonomy is in¬ 
creased by a further sum of £7600, making a total of £13,600 per annum, 
or £360 per mile of road per annum. 

Macadam Road Expensive. —A careful consideration of the whole of 
the faots oan only end in one conclusion—that the maoadam road is an 
exceedingly expensive, wasteful, and unsatisfactory form of road structure 
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and should be dispensed with at the earliest possible moment and re¬ 
placed by an impervious, homogeneous, and more satisfactory form of 
pavement, and that there is ample justification even for a wider 
application of the resolution passed by the Koad Congress, which is 
mentioned at the beginning of this chapter. 

Tar-Spraying Costs. —Eaoh year’s tar-spraying has cost from id. to 
^d. per superficial yard. The amount which has been saved by the re¬ 
duction of watering and cartage has amply compensated for the cost so 
incurred, quite apart from the extended life given to the struoture, the 
removal of the dust nuisance, and the bettor health of the inhabitants. 
Unfortunately, the tar does not last longer than twelve months, the 
weather has a deleterious effect on even this material, and the traffic in 
combination causes the necessity of an annual coating It is in the 
writer’s opinion a cost which would not be incurred in the oaso of a 
bituminous form of road structure ; that is to say, suoh a struoture 
would be waterproof in itself, dustless, would not require annual treat¬ 
ment, and its maintenance ought for suoh streets to be less than Jd. to 
f d. per superficial yard per annum. 

With a view of indicating a oomparison of the amount of refuse 
removed from the roads which have been surfaced with asphalt, wood 
paving, and macadam, the following table is given :— 


Road. 

Extraneous Matter: 
Manure, eto., per 
Ton removed 

Wear and 
Weather. 

Asphalt . 

96 

6 

Wood paving . 

92 5 

7-5 

Macadam . 

62 

47 


The method of tar-spraying and permanent road construction that 
has been adopted has reduced this considerably, so that the figures now 
stand as follows :— 


Road. 

Extraneous Matter: 
Manure, eto., per 
Ton romoved. 

Wear and 
Weather. 

Asphalt . 

95 

5 

Wood paving . 

92 5 

7-5 

Macadam . 

70 

30 


Thus the life of the macadam roads has been inoreased by 33 per cent. 
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Comparison of Asphalt, Wood Paving, and Macadam.— The original 
cost of asphalt, wood paving, and macadam is in the proportion of 100, 
75, and 35 (approximately); the repair is in the proportion of 100, 75, 
and 15 (approximately); the life is m the proportion of 10, 7'5, and 1 
(approximately)—thus the comparison is 1, 1, and 2'5. The possibilities 
of economy by substituting a permanent paving for macadam that will 
laBt only 2£ timos the life of the present water-bound macadam at the 
same cost or at an even increased price are therefore very considerable. 

The reason why macadam roads are constructed on their present 
linos is mainly on acoount of their Bmall first cost j they are quite 30 per 
cent, cheaper than wood paving, and even 40 per cent, cheaper than 
asphalt— e.g. in a road to be made of macadam there would be 18 inches 
of excavation, 12 inches to the foundation, and 6 inches for the 
macadam. 


Macadam — 

s. d. 

18 ins. exoavation and carting . 

2 0 per sup. yard. 

12 ,, foundation 

■ 30 

6 „ macadam 

3 6 

8 6 

Wood, Paving — 

13 ins. excavation and carting 

1 6 per sup. yard. 

8 „ foundation oonorete 

2 10 

5 „ wood paving 

.76 

11 10 

Asphalt — 

10 ins. exoavation and oarting . 

1 2 per sup. yard. 

8 „ foundation oonorete 

2 10 

2 „ asphalt 

10 o 

14 0 

Two-Goat Bituminous Paving — 

Exoavation and carting 

. 1-2 

6 ins. hardcore .... 

1-6 

3 „ bituminous oonorete base . 

. 2-0 

] in. wearing surface . 

. 3-0 

78 
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These figures will, of course, vary in other districts, but they form 
a reasonably representative comparison. In order to compare them, 
the cost must be taken over a period. Take the oase that has already 
been mentioned, where the macadam road is repaired every two years ; 
a wood-paved road would, under similar traffio, be repaved at the end of 
twenty years. The natural asphalt road would have a life of more than 
twenty years, but for the purpose of this comparison it is taken at that 
figure; the two-coat bituminous road would equally last fifteen years. 
A period of twenty-five years is given to the foundation, whiok would last 
for an indefinite period, but for the first comparison the period so given 
does not materially affeOt the figures one way or the other; it is probable 
that if a loan was obtained this would be an excessive life in whioh to 
repay the cost. Assume that repayment and interest is on the basis of 
6 per oent. 

Table XIII. 


5 Years. 10 Years. 15 Years. 20 Yoara. 25 Year's. Total. 


Macadam — 

Excavation, and foun¬ 

d. 

d. 

d. 

d. 

d. 

d. 

dation 

18 

18 

18 

18 

18 


Macadam . 

42-6 

42-6 

67-6 

42 6 

57-6 


Wood Paving — 

Excavation and foun¬ 

606 

606 

75-6 

60-6 

75-6 

333 

dation 

15-8 

15-8 

15 8 

15 8 

15-8 


Wood paving 

27-0 

32-0 

32-0 

54-0 

27-0 


Asphalt — 

Excavation and foun¬ 

42-8 

47 8 

47-8 

09 8 

42-8 

251 

dation . 

14 4 

14-4 

14-4 

14-4 

14-4 


Asphalt 

36-0 

36 0 

41-0 

41-0 

46-0 


Two - Coat Bituminous 
Paving — 

Exoavation and foun¬ 

60*4 

50-4 

55-4 

55-4 

00-4 

272 

dation and base 

16-8 

10-8 

16 8 

16-8 

16-8 


Wearing surfaoe. 

10-8 

15-8 

15-8 

21-6 

21-6 



27-6 

32-6 

32-6 

38-4 

38 4 

169-6 


It will thus be seen that over a period of twenty-five years the cheapest 
form of paving is the two-coat bituminous paving, whioh is only half the 

6 
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t of the macadam road; then comes soft-wood paving; natural asphalt 
:es third place, and a long way behind is macadam, which although 
taper to instal than natural asphalt and wood paving is more expensive 
m the two-coat paving, and on account of the better wearing capacity 
i latter is 50 per cent, cheaper over a penod of twenty-five years. If 
venging and watering or tar-spraying is taken into consideration, the 
t of the macadam road would obviously be far greater than is here 
icated. 

Even if the macadam road was repaired only once in four years instead 
two, the comparison would still greatly favour the bituminous two- 
tt paving. 

Effect if Weather is Eliminated. —From these analyses the conclusion 
‘orcibly brought into view that as the weather influences the wear of 
macadam road, i.e internal wear or attrition to the extent of 85 per 
Lt.—and this is exemplified by an examination of the wet and dry 
bs for attrition in Table VII., p. 60,—and it is due to this cause that 
surface structure only lasts two to four years, if the weather effects 
dd be eliminated at a cost of two or more times the present cost, 
I the life extended proportionately, it would be a much cheaper 
.'■emont, but even then not as economical as the two-coat bituminous 
facing material. 

Damage by Studs and Steel Tires. —Much damage is done to all sur- 
os by the use of sharpened nails that are placed in horses’ shoes in 
3ty weather and the spikes that are placed in the wheels of steam 
tor vehicles. In a case that oamo under the notice of the writer, a 
ucle was fitted with studs about 1£ inch diameter'; these studs cut into 
wood paving and made cylindrical hollows § inch deep, and the 
ck of the vehicle could bo followed for over a milo of tlio road in the 
briot. Stoel tiros not being set to the contour of the road, the cutting 
isphalfc was distinctly observed, especially at junction of roads. When 
ubstitution or modification for those is obtained, the advantages will 
considerable. 
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EFFECT OF TRAFFIC ON ROADS. 

Weight of Traffic on Foundation and on Surface.— The thiokness of the 
material forming tho road surface should bo considered. For this 
purpose a steam-roller was weighed, tho baok whools being placod on 
the machine, and subsequently tho front whools, with tho result that 
the weights wore as follows :— 

Baok wheels . . 9 tons 0 cwts. 2 qrs. 

Front „ .3 „ 16 „ 1 „ 

Then an ordinary steam motor waggon was weighed oarrying 0 tons 
of coal:— 

Back wheels . . 9 tons 15 owts. 1 qr. 

Front „ . . 2 „ 5 „ 2 „ 

The weight per inch of tiro of steam-roller with a D-foot 4-inoli 
diameter wheel 15 inches widc=G32 lbs. 

Tho weight per inch of tire of steam motor waggon with a 3-foot 
7-inoh diameter wheel 10 inches wide = 1092 lbB. 

On a resilient surface the area in contaot with the road was estimated 
to bo 65 square inches in the oaso of the motor waggon, and 120 square 
inohes in the case of the steam-roller ; so that the pressure on tho road 
surface may be assumed to be 72 lbs. per square inoh in the ease of the 
steam-roller, and 168 lbs. per square inch in the case of the motor waggon. 

If a steam-roller has been rolling continuously a foundation of a 
road until the depressions have been removed, and a solid and unyield¬ 
ing surface is seoured, it may be assumed that tho foundation, if undis¬ 
turbed, will in future withstand a pressure equal to the weight of the 
steam-roller per square inoh of tire in oontaot with the surface. If the 
steam motor waggon just described had oome upon the surfaoe, its weight, 
being greater than that of the steam-roller, might disturb tho surface and 
cause a depression; but if a oushion of a homogeneous matter was plaoed 
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between the tire of the wheel and the foundation surface so as to distribute 
the pressure over c times the area of the surface actually in oontaot, 
pressure of motor waggon 

whore c= , the foundation would have to with- 

pressure of steam-roller 

stand no greater pressure than was the oase when the steam-roller had 
finished working upon it. 

Angle of Distribution of Pressure. —A square-based pyramid of 
ciroular balls can be placed in equilibrium, so that the pressure is trans¬ 
mitted at an angle of 30° from the vertical, if, however, the spaces 
were filled with a cementing material, pressure could be added to the 
top of the pyramid to a considerable extent before disturbing its equi¬ 
librium, thus showing that the angle of pressure has increased. 

Suppose a mass of material cemented together of a length l is placed 
on two supports, a little less than l in distance apart. Weight can be 
added at the centre, and the pressure is transmitted to the supports, 
showing that the limit of the line of pressure will bo horizontal or 90° to 
the vertical. 

In a perfectly elastio material the intensity of pressure becomes 
greater as the surface is approached, and to resist this the material at 
the surfaoo must be harder than below the surface. 

Resiliency of Material. —If there iB no resiliency throughout the 
material forming the surface, the intensity of pressure will be increased, 
because the weight is carried on a smaller area, and the material will 
tho more rapidly break up. Professor Boussinesq calculates for an 
olastic material that the angle of pressure from the vertioal is between 
52° and 90° ; but for road material, such as is described as homogeneous, 
the pressure is, roughly speaking, at an angle not greater than 60°, the 
material forming the surface of the road being in oontaot with the surface 
of tho foundation throughout its length and width. 

Pressure communicated to Surface—Thickness of Cushion required.— 
Tho pressure per inch of tire as given in the Motor Oar Act is not the 
pressure which is being exerted on the surface ; it is evident, if the 
road surfaoe is of a yielding cliaraoter, that there must be a oertain 
length of tho curve of the tire in oontaot as well as the width. There 
will bo a loss length of tho tire of a wheel 3 feet 6 inohes diameter in 
contact with tho surfaoe than would be the oase of a wheel 6 feet diameter; 
and although the unit per inoh of width may be the same in both oases, 
tho pressure will bo much greater from the smaller than from that of 
tho larger wheel. In the example given above tho pressure is in tho ratio 
of 168 : 72, i,e. 2-33 :1 and o=2-33. Thus if tho angle of pressure waB 
transmitted at 46°, the thiokness of tho cushion should be 2*33 inoheB, 
but as the angle is 60°, the thiokness of the oushion should he about 
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2 inches only. That 2 inches is sufficient for a road-surface material 
is borne out in the practice of laying only 2 inches of asphalt on a concrete 
foundation. It will be evident, therefore, that a good resilient surface 
need not be any greater than 2$ inches in depth for an ordinary macadam 
road, and if a 3-inch thickness be laid, it allows for an inch of wear ; 
any greater thickness that is placed in the road is wasted material, as 
£ inoh of wear should provide for many years on an average road. Six 
inches is given to ordinary water-bound macadam, in order to feed the 
surface with material in place of that which has been washed or swept 
away. Four and a half inches of tar macadam is laid in the attempt to 
overoome or to compensate for inherent weakness in the material. 

Voids in Road Structure. —The difficulty that lias arisen in the past 
has been to discover the resilient surface. There is a prevailing idea 
that for road construction the elimination of voids between the stones is 
essential, and that the surface should be rigid and solid, but a close 
examination will show that the elimination of voids is not entirely 
desirable, as the less the percentage of them the more rigid, the more 
slippery, the less resilient and satisfactory will the road be. 

Voids in Maeadam. —A water-bound macadam road has voids ranging 
from 20 per cent, to about 10 per cent. Ordinary macadam of the sizes 
that will pass a 2-inoh ring, if compacted together, has about 40 to 42 
per cent voids. Hoggin, which is used as a binder, if the moisture is 
removed, has about 48 per cent, voids, so that if the interstices of the 
maoadam in a road surface be filled with hoggin, the net voids will be 

42x48 

=20 per cent. 

100 ^ 

Of this 20 per cent, that is left in a dry firm road there is bound to 
be at least 5, and probably up to 10, per cent, of moisture, so that the 
voids in a properly consolidated road will be about 12 per cent, at the 
least, and more probably about 15 per cent. A pavement may be con¬ 
sidered to be a mass of material non-resilient in itself, which, when bound 
together by an adhesive agent, oncloseB a series of air spaces. When a 
heavy weight presses on its surface, the air, having no outlet, is under 
pressure, and as soon as the weight is removed the air forces the material 
back to its normal condition. If the air is not confined, and is given the 
opportunity to escape, the tendency is for the material to oompress until 
there is no further space for it to occupy, when it begins to break up. 

From the point of view of horse traffic, the macadam road is the 
most satisfactory both in Tegard to resiliency, resistance, etc There is 
always a quantity of air spaces, because of the evaporation of the moisture. 
When the air is removed by moisture, the stones compress and abrade, 
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and it is then in its worst condition; when, however, the excess moisture 
is removed by evaporation or drainage and air forms part of the struoturo 
again, the surface structure regains its best form. If the macadam was 
bound together by a material of a plastic nature which was affected by 
atmospheric conditions, and the voids were reduced to a minimum, one 
of two procedures would be likely to take place : either the composition 
would break in its efforts to expand, or the liquid material would rise to 
the surface and flow away, thus causing disintegration and deoay of the 
structure. This will occur, and iB illustrated in many of the “ pouring-in 
processes.” 

Voids in Asphalt and Wood Paving. —A fairly high percentage of voids 
is found in the asphalt that is laid by a number of firms, and it is the result 
of this percentage, properly and judiciously divided throughout the depth 
of the material, that is one of the causes of its success as a paving material. 
Another example of a successful road material is the soft-wood pavement; 
this class of timber has a higher percentage of cellular spaces than the 
hard woods, suoh as oak, jarrah, etc , and this is the reason why in some 
measure soft wood is generally more acceptable as a paving material than 
hard wood. 

Compression in Asphalt.— If a new pavement of rock asphalt bo 
examined and tested as to the quantity of mineral matter, oto., in a 
given area and as to its thickness, it will be found after a period of five 
or six years that the amount of mineral matter in the same area is much 
the same as when laid, but the thickness will, under traffic, have been 
reduced by J to ^ inch , this is due to a process of compression, which 
is continued until no further compression oan bo made, and real woar 
then takes place. 

Compression in Tar Macadam. —Similarly with tar macadam, the 
material is usually very muoh thioker when it is originally laid than is 
the case twelve months after it has been laid ; the compression in this 
oase is much more rapid as compared with asphalt, and so the wear will 
oommence at an earlier period 

It would therefore seem that a satisfactory road surface could bo 
made of a composition of material similar to the macadam that has 
been oommonly used for many years, bound together with hoggin or 
similar material; but instead of water being used as a binder, another 
material of a plastic and adhesive nature should take its plnoe, which 
should be waterproof and not affected by varying temperatures in the 
atmosphere. 

Homogeneity and Resiliency as Factors in Road Construction.— In 

other words, homogeneity and resiliency are the leading factors to be 
sought for in road construction ; while the percentage of voids is merely 
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incidental, the one cannot be secured without in some way affecting 
the other 

If the material is not homogeneous and tho composition is of varying 
sizes of stones, the traffic may transfer to one stone the whole of tho 
weight of one wheel, and the effect would be to further transfer tho weight 
in the direction shown by the arrows in fig. 12. 
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Fig. 12. Fig. 13. 


If, on tho other hand, tho top surface of this noii-liomogeneous 
mass is covered with a cushion of material of homogeneous substance, 
then tho pressure is as shown in fig. 13. 

The pressure should be transferred as shown in figs. 14 and 15. 

In order to secure a homogeneous mass, it is evident that the 
materials forming the mass shall be of the same or nearly the same 
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Fig. 14. 



specific gravity, or, if this condition cannot bo fulfilled, the agent which 
acts as the binder shall be so adhesive and so little affected by the atmo¬ 
spheric conditions that it does not allow the lighter material to move 
out of its original position. 

Recuperative Power of Road Surface. —One other point is oonneotion 
with the construction of a road surface is that the material forming the 
surface shall be capable of recovering its position when disturbed by 
traffic. This may be secured by the elasticity of the surface coating, 
or the surface may be of such a nature as to be capable of receiving baok 
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the disturbed material when put baok by succeeding traffic. If the 
material that is used as an adhesive agent does not quickly lose its 
adhesive characteristic, this latter condition should not be difficult to 
secure, but tho matter is one that is frequently overlooked. This dis¬ 
turbance to the surface of a road is noticeable particularly at curves of a 
road, and is due to tho efEeot of the quickly moving vehicles negotiating 
the oornors or turns. 

Strains in Pavement. —Another important characteristic is the 
longitudinal movement. In laying asphalt macadam with a heavy 
roller, tho material while hot moves forward in the direction of tho 
roller ; this tendency is present in a structure that has set and is cold, 
and is evidently caused by tho vehicles ; it is frequently noticed in asphalt 
roadways, and in a different manner in wood-paved roadways. 

Creeping of Asphalt.-—Sections of asphalt roadways show waves 
as indicated in fig. 10. The lino A B indicates tho surface of the 
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Fig. 10. 


oonoroto foundation. Tho dotted line C D is the original surface of the 
asphalt, and tho curved line C D is the waving condition which is fre¬ 
quently notiooablo.. This oreeping may be explained in the following 

manner:_Tho asphalt is composed of fine oarbonaoeous limestone 

naturally impregnated with bitumen. This bitumen is, when solved out, 
found to be in a soft condition, and it has a flowing point near to the 
hot Bummer atmospheric conditions to whioh it occasionally is submitted. 
Owing to the thioknoss oE the asphalt, tho temperature is muoh higher 
at tho surface than it is Ifc or 2 inches below the surface, and the very 
hot conditions arc only for a very short period of the day; but it is 
at a time when the traffic is at iiB maximum. The bitumen is in a sense 
filled with fine fillor dust, and this prevents the bitumen from flowing; 
but owing to the traffic foroos which are capable of pushing the pavement 
forward, as illustrated in the next paragraph dealing with oreeping of 
wood pavements, the thin layer of bituminous material is pushed out 
of its original position while the lower layers down to the ooncrete are 
not moved -honoo a small ridge is developed whioh may inorease in 
size. Under very hot oonditions over a number of days there have 
been plaoos where the oonorete has been exposed, but these are ex¬ 
ceptional. 

In artificially made asphalt this condition has been overcome by 
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hardening the bitumen, and there are a number of instances where there 
are no observable waves in the structure, whioh indicates dearly that it 
is merely a matter of adjustment of the bitumen. 

Whore mastio asphalt is used on roads the wave movement is not 
notioeablo, and where a hard bitumen has been employed it is similarly 
free from waves; but in these oases there is distmot evidenoe of con¬ 
traction and oraolang of the structure, whioh indicates that either an 
unsuitable bitumen has been employed, or the hardening has gone too 
far ; the conclusion is that the consistency of the bitumen must bo very 
carefully adjusted. 

Creeping in Wood Pavement. —In wood-paved roads the difference 
is shown in the line of the joints, the surfaoe still retaining its original 
faoe. A B (fig. 17) is a plan of the joint as originally laid at right angles 
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Fig. 17. 


to the kerb ; when, however, the road is submitted to heavy and fast- 
moving traffic, the joint takes the ourve A C D E B, the traffio direotion 
being shown by the arrows. This movement is due to the softening of 
the tar grout between the joints in hot weather. 

It is only particularly noticeable where the blooks have been laid, 
without being dipped in tar, direct on to the oonorete, and is not so 
apparent where the blooks have been dipped or so grouted that the 
pitch used in the grouting prooess roaches the oonorete. The force 
therefore which is being expended is not very groat, and from the fact 
that the movement is not spreading but reaohes a limit without dis¬ 
turbing the even surfaoe, also indicates that it is easily counteracted. 

With a binding agent that is very soft in hot weather a movement 
will be in progress compounded of the effects of the weight aoting verti- 
■cally when in aotual oontaot, and a forward movement due to the 
momentum of the vehiole ; there is also the baokward movement due 
to the friotion of the driving wheels on the surfaoe. These various 
forces have to be counteracted by the duotihty of the binding agent. 
Where the pavement is non-resilient, the strain must be very consider¬ 
able, the wear must also be immediate, and if the material is unable to 
resist, it will rapidly orumble. 
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ding a went may bo very odhesiw, but if it is not also ductile, 
il in road construction on account of the stress and strains to 
e structure is being continuously subjected ; the one without 
• is in road construction hardly conceivable, but if a slightly 
but strongly ductile material was in competition with a very 
and only sliehtly ductile composition, the former would be of 
>ater value, provided other features were equally good. The 
not be confused with tin' other. 

Corrugations or Waves. There have been many discussions 
years on the corrugations wliieh appear on road surfaces, and 
.hough they have been observable in roads submitting only to 
affio, are more apparent as a result of motor vehicular traffio. 
ivemonts show this corrugation effect: it is very evident and 
fcod on macadam, it in much less evident, on wood pavements 
L ttlt. Some, attribute the cause to the rolling that is applied 
acadam road when it was originally laid, some attribute it to 
tions of the engine that propels the vehicle, others are inolined 
low that it is caused by a combination of the speed and tho 
movement of tho springH employed to take up tho stresses in 

le. 

however, that uorrutfiitimm tipjnwir on ruilwuy on the 

re of an overhead tramway system, on weavers’ shuttles and 
s, it is not clear that it is caused by the rolling of the structure, 
'gosted in tho oase of macadam roads , further, corrugations 
n asphalt which iH rolled not only lengthways, but orosswiso 
alf cirolos, and tho rolling iH carried out when the material is 
the cooling of tho uHphalt would in all probability obliterate 
lg effects whioh are suggested uh the cause. Perhaps a 0011- 
nswer to this suggestion is found in tho fact that wood pave- 
iow slight corrugations and are not submitted to rolling of 

equally questionable whether it is clue to the pulsations of the 
aeing that it ooourH on lift guides, on trolly wires, and weavers’ 

A calculation hIidwh that in the majority of the vehicles the 
i in the cylinders takes plane every 3 inehoH of tho tread of the 
ho driving wheel, whereas the period of these corrugations is 
inolios, and in many eases even wider than this. 

% Effect. —Tho suggestion that it is due to the speed and tho 
the springs is more likely to be the cause. In nvory case where 
ons appear thorn seoniH to bo a spring employed whioh has the 
t only of taking off tho strain on the vehicle caused by any 
lit also it has the effect of causing tho vohiolo to keep to the 
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trunk limn 1 effectively than would !**■ the tmsi* if it was not provided 
with springs. Travelling uf certain speeds nti u corrugated road, tin* 
corrugation" arc not mi apparent to tin* person riding in tin* ear. This i« 

because (he .. 1 and jicnod activity of the spring an 1 in liinc uitli the 

corrugation* ; hut the effect on the vehicle, if it iN travelling slowly, m 
verv marked, because the speed and activity are not in unison with tile 
corrugations. No surface can he nuule absolutely |H*rfce.t, and the 
slightest depression or excrescence will start a motion in the springs ; ami 
these corrugations uudoiihtedlv start from small beginnings. IT the 
composition forming the surface is of a pliable or of an easily disturbed 
material, the effect on the vehicle is uniurully exaggerated, as it would 
he in macadam or in un asphalt com posed of hilumcn of a low melting 
I mint. 

No Remedy for Maoadam. Ill the case of macadam road, practically 
speaking, no remedy has ltcen found hy any alteration of the composition 
of the si 1 neture ; I01I in asphalt there is a remedy in the employment of a 
harder hituinen, or in so tilling the hitnmen that it is incapable of move¬ 
ment. If, however, one is inclined to try to effect a remedy hy an 
alteration in mu* direction, the result is to ohtuiu a defect in Home other 
direction ; the harder the hitnmen, the mom it is likely In contract in 
cold weather. If in the bituminous material large stones ure employed 
to prevent movement by their penetration into the lower layers of the 
material, u form of disintegration is likely to bo (mimed which m 
indicated in Chapter IX. 

Pneumatic Cushions*— The writer has been impressed with the 
arrangement of pneumatic mudiinna to take the plant* of springs on 
vehicles. These cushions are platted mi each wheel, and an apparatus is 
provided which autoiimtiimlly etpialises tin* excess pressure oiiuseil by 
any shock. It is apparently very effective. It seems to work very nnioh 
quicker than springs, ami the description that, was given to the writer 
hy a person wlm had ridden in a car fitted with this type of cushion 
was that when the vehicle came on to a badly worn road the effect, was 
that the sinking of the vehicle into the first depression was fell, but the 
reflex action that is apparent on a vibrating spring wuh not realised, and 
the car subsequently travelled the remaining portion of the road as 
smoothly as if it had boon an even Hurfuce. If this is the case, it ia 
surprising that this type of cushion is not in common use ; the reason 
seems to lie in the fact that the cost of the fitting is at present very 
high, whereas springs are in comparison cheap. Modifications in tho 
form of shock absorbers of various kinds have beon fitted to tho vehicles 
in aornmon use, And tho fact that those are popular would point to a 
more perfect form of cushion. Perhaps one of the objections to the 
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pneumatic form of cushion uh in indicated lies in tlm automatio 
arrangement, and tlio fear that as all meohanioal arrangements are 
likely at Home lime or other to get out of order it would, when such 
time did arrive', render the vehicle equivalent to one devoid of springs 
mid become very unpleasant, to use until the defects had boon remedied. 

Defective Structure. Apart from the vehicle and its efieot on the 
road Htmature, there is an indication that the wavoH or corrugations 
arise from defective structures. It is very marked in water-hound 
macadam roads which are inherently weak and therefore liable to 
develop hollows; it can he greatly minimised in artificially made 
bituminous structures by adjusting the consistency of the composition, 
niul in regard to sett-paved and wood-paved roads it is so little in 
evidence that it does not cause much or any inconvenience. 



CHAPTER V. 

FOUNDATIONS. 

The foundations of a road should be of a satisfactory nature. From the 
results of the previous examination of the efleot of traffic upon roads 
it is dear that, provided the surfaoe of the roadway is maintained in 
an oven and regular manner, the structure under the surfaoe, i.e. the 
composition of the material between the subsoil and the surfaoing 
material, need not be more than about 4 inohes in thiokness if it can be 
maintained as a homogeneous mass. 

Concrete. —In the list of roads mentioned on pages 4 and 6 are two, 
Dawes Road and Wandsworth Bridge Road. Both these roads oarry 
heavy traffic, and in the case of Dawes Road a large sewer was oon- 
struoted many years ago through the oentre of the road : the trench of 
the sewer was about 8 feet wide. The wood paving had been laid over 
ten years when a water-main burst and the road pavement had to be 
made good. "When all the rubbish had been oleared, it disolosed an 
extraordinary condition: quite one half of the full width of the road 
covered by the ooncrete, whioh was only C inohes thick with an inch 
oement-rendering surfaoe, was entirely unsupported; the length of this 
unsupported concrete was eventually found to be over 100 yards. The 
faot that the road had for the period of ten years not submitted to 
heavy repairs on this account, inchoates that the ooncrete was of ex¬ 
cellent material and that it was sufficient in strength to resist heavy 
traffic even when unsupported by the subsoil. 

In the oase of Wandsworth Bridge Road the paving had been laid 
down sixteen years and was requiring considerable repairs, mainly 
through the deterioration of the blooks under the traffio. As the traffic 
had mainly kept to the oentre of the road, the writer determined to 
leave 4 to 5 feet on eaoh side in and marry the new pavement into it. 
This was done in 1910-11 and 1911-12 (it is preferable to renew from 
side to side and sort the blooks at the sides of the road out for repairs). 


Aft 
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A test was Inade of the depth of concrete, and in many oases it was 
only 4 inches thick, in the remainder 5 inohes, but the oonorete was 
sound and satisfactory. The traffic on these roads is given on pages 
4, 5, and map (at end of book). Both these examples indioato that, 
given good surfaces, the foundation structure noed not be of great 
thiokness, as is so frequently advooated. 

Object of Foundation. —This foundation structure is interposed 
between the wearing surface and the subsoil simply with the object of 
transferring the weight of the traffic ovor suoh an area that it will not 
oause the subsoil to submit to a greater prossuro than it can withstand 
without being displaced. 

Concrete 6 inohes thiok will withstand on a supported base a weight 
of over 20 tons to the square foot, so that concrete of this thiokness is 
ample for the weight of any traffic that may come upon it, and especially 



Fig. 18. 


if on the conorete is a wearing surface in the form of a cushion. It 
follows therefore that the oonorete when it fractures suflors from a 
greater blow than 20 tons, or that the subsoil under-support is unsatis¬ 
factory An unsatisfactory subsoil may, however, bo oontamed by Hide 
supports and by that means made satisfactory, but ovon then it depends 
largely on the oharaoter of the subsoil as a wholo. 

If W (fig. 18) is the load, F 0- D E is 6-inoh oonorete laid on a subsoil 
of a loose oharaoter. Then by the side supports F D B K and G E C II the 
material forming the subsoil is contained, and as the material B D A E 0 
is so enolosed, if the angle of friction is less than is shown by B A C, it is 
equivalent to a greatly increased thiokness of concrete ; but if the sub¬ 
soil is of the nature of quicksand and can flow away in a sense in the 
direction A B or A C, then the concrete may beoome unsupported at A 
or other parts of the face DAE. 

In places where the subsoil is unsatisfactory, it would be desirable to 
construct the roadway as shown in the sketch. 

But there are other methods which may be equally satisfactory for 
weak subsoils, and the one that is proving popular is by the system of 
reinforoement. 

Reinforced Concrete. —There are various systems of reinforcement of 
the conorete. They mainly consist of steel wire oross welded, expanded 
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steel, ete.j f hi 4 mesh varies m si/e, 7 inelies x 3 inelies is fiequmitlv used, 
the rods bring about ^ diameter: I hi* n‘infori’f is plum! m t!»»' 
r.nnrrete from i! to .'l inches above fin* bottom of 1 hi* bed. Siii'Ii a [min 

of ri'iiifnnvini-nl lias ... used mi vm inferior subsoils with excellent 

results. I{i‘iiif<ui-mit»‘iil is apparently mily nereasuiy on subsoil* of this 
rhururter. Tin* writer was asked t*» tr\ a wimple of ii-inbituminous 
eonerete to see whether it could 1«* used id lessen lla* thiehne>,s nf (In* 
concrete. The base on ulii« li it was (o lu> laid was a good one, and <od\ 
1J inelies of bituminous rom rete was laid on tin' rritifoi.-mni tit , the 
surface of tin* eonerete was liiiitdjed ulT with l imdi of la!uminuiis weal¬ 
ing Hurfiirn. 

On the adjoining area in tin* mi mi 1 road, submitting to tin* same 
traffic, tin* writer decided to lay precisely I hi* wimc bituminous concrete 
without tin 1 reinforcement an regards thickness and area ns that mu* 
ployed on tin* reinforced area. Tin* results it]* to dati* an* identical 
oin* is a|*]oiI'i'iilL\ no better or wuisc than tin* other. 

Clay Subsoil. Thos.* a leas of roads which ha\e subsoils of riovev 
material are |iroliahlv* tile most troiihlesoine of (hose ihul him* lo be 
oonteiided with, and the principal work that should lie eanieil mil is 
the drainage of tin* moisture from the clayey material. 

it has lieeu rati mated that well-drained Huy will withstand a load 
of from J to (> tons, w hcrcas iT the clay in wet, anil soft il will in»t with¬ 
stand more thau 1 ton per square foot; hut the difficult v that loot to 
Ik* contended with is the spueing up at the /mien oT the toad in other 
words, it must he contained in Nome manner. 

In laying a road with only a thin layr of bituminous material ahoiil 
li iuehes thiek on an old foumlation in very dry wen!her. there was an 
area alimit It! feel square whit’ll was not observed when the road was 
being rolled, mid whieh was found subsequently lo he composed of 
Ijondomday. Tlu 1 roller hud no different elTee.t on this area when il was 
being tested from the remaining area, and the road base was assumed 
to be satisfactory. An soon as the winter arrived thin area wuh immedi¬ 
ately apparent on wavy, and the (mmpoHition cranked ; it was taken mil 
and the Hay was exposed. Here the bituminous eouerete was not 
suffloiently strong to eontuin the material within limited hoitmis. A 
depth of 3 inches of bituminous coruirote was inserted under the sur¬ 
facing materia! of a stiller character, and no subsequent subsidence has 
occurred. 

As the problem of tho foundations of a road are of great imports nee, 
and very large an ms of money have been spent in providing for a satis¬ 
factory foundation—in some oases it has been suggested that the depth 
should bo 2 to 3 foot,—the writer considered, having in view the font 
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that on a good new surfaoe of wood paving on 6 inohes of ooncrete the 
traffic never had any serious effect on the road surface, and it was only 
when the paving had been laid, down a number of years that the defeots 
in the foundations appeared, whether it was not advisable to make a 
test of the effect of a vehicle passing over a dopression and over an 
obstruction. 

Road Experiment. —The writer therefore devised a small maohine 
whioh consisted of a oouplo of drums on which a strip of paper could be 
unwound and wound, the intermediate area of the strip passing over a flat 
surface. The speed of the travel of the paper was 18 inches per minute. 
The flat surface was then fixed to the body of the vehicle at the rear driv¬ 
ing wheel, a pencil was placed on the axle of the driving wheel so that it 



would mark the paper, and two other pencils were fixed to the rear 
shackles of the spring—these also were so plaoed to mark the paper; 
the forward end of the spring was fixed to the body of the car. The rear 
end of the spring had a half spring also fitted to the body of the oar. A 
depression was made 1-ft- inohes deep and 18 inohes long, and formed so 
as to be similar to a depression that is frequently seen on a road surfaoe. 

The oar was driven at a speed of from 5 to 7 miles per hour, and the 
front wheel passed over the depression as well as the rear wheel; figs. 
20, 21, and 22 were the result. These diagrams will repay careful 
study ; several tests were made and the results were precisely the same. 
The spring was drawn, and the effect was studied and calculations were 
made as follows :— 

Resulting Diagram. —The diagram shows that when the front wheel 
passed through the hollow it had a reflex aotion on the rear spring, as 
is indioated by the projections at A and B, the movement of the body 
of the oar relative to the axle being a minimum of | inch and \ inch, 
and, while this aotion was operating, the rear wheels readied the hollow 
and the spring relaxed 1J inohes, whioh is less than the depth of the 
hollow by inch, which represents the amount of compression taken 
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up by the pneumatic tire. The wheel as it rose out of the hollow was 
actually stopped m its forward movement, because the pencil marking 
is backward by inch. The movement of the spring through an 
arc the axis of which is 2 feet from the centre of the spring will soaroely 
aooount for a difference of inch, and as the movement of the paper 
was backwards the actual movement would have been greater than 
inoh, and this is indicated by the slight loop at the point C at the 
shackles. Hence we must conclude that for a short space of time the 
car was actually stopped in its progress, and therefore whatever momen¬ 
tum the wheel had at that moment, it was entirely expended on the 
obstruction in the hollow. This is very important, because it emphasises 
the blow that the pavement and foundation are being subjected to, and 
if the same effect is produced by other and heavier vehicles, the blow 
that can be given to the structure is so great that soaroely any founda¬ 
tion would be able to withstand it for any length of time, especially 
if there was a continuous run of such vehicles passmg over the hollow, 
as would occur in many roads. 

Effect on Road. —Assuming the speed to be 5 miles per hour or 7 feet 
3 inohes per second, and the weight of the wheel at 6 cwt. 1 qr., the 
momentum (or blow on the edge of hollow) would be very severe. 

Effect on Vehicle, —The actual deflection of the spring seems to have 
been no more than -jJj- inoh, and the weight necessary to cause this deflec¬ 
tion would be 9 cwt.; the weight necessary to cause a compression of 
inch in the tire was nearly 7 cwt. The total vertical pressure was 
therefore 16 owt, %.e, 2-66 times the load on the wheel. 

A second trial on the same hollow (fig 21) gave a slightly different 
result; the compression of the tire was $ inoh, i.e. 9 cwt., and the 
spring was deflected ■jJr inch=9 owt., making a total of 18 cwt. In this 
instance the speed was slower than in the first oase. 

Effect of Spring.—It will also be noticed that for £ second or a dis¬ 
tance of 6 feet after the wheel left the hollow the spring had vibrated 
three times, and a deflection was still in the spring at that distanoe. 
From this we may gather that extra weight above the load was being 
sustained by the paved surface, and if the pavement was not sufficiently 
strong to resist this extra weight, hollows would appear at the three 
positions where the peak of each is indicated in the diagram. 

The important faotoT is that the vehicle was stopped in its forward 
movement, and it follows that under such action it is only to be espeoted 
that the hollows will and must grow in size, and that even oonorete 
foundations will give way; it also emphasises the importance of imme¬ 
diate repairs to any hollows if more serious damage is to be avoided. 
Result of an Obstruction.—The third experiment (fig. 22) consisted of 
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an obstruction If inches in height over whioh the oar passed. In this case 
the car was not hindered in its progress forward—it was delayed only. 
The tire took up a compression of f inch, equal to about 7 owt.-; the 
body in relation to the asde had a total movement of 4 inches; tho 
greatest deflection of the spring was 1 inoh=14 owt. The total efleot on 
the oar was equal to 21 cwt. on the pavement vertically. The spring was 
vibrated several times in a distance of 6 feet from the obstruction. 

The conclusion is that the road structure is not so much a fleeted by 
a temporary obstruction on a level surface as is the case when a vehicle 
drops into a hollow and has to rise out of it again. 



CHAPTER VI. 


TAR. 


Moisture unsatisfactory In a Road. —The amount of moisture in a 
macadam road that is required to keep it in a firm condition is very 
small—prohahly about 5 per cent. If this iB evaporated the road surfaoe 
wiU ravel; if there is an oxcchb it will boooinu muddy. The watering 
of a macadam road is not carried out wholly to lay the dust, but to 
provide the moisture necessary to maintain tho stono in its position and 
rotain a firm and Bohd surface. Prom the foregoing it must be obvious 
that although the prinoiple underlying the oonstruotion of a maoadam 
road may be right, the use of moisture as a binding agent is wrong, if 
the road surfaoe ie to wear satisfactorily. It must ooour to the student 
that any material which is easily affected by water must be avoided when 
considered in connection with the structure of a road. 

Tar as Binding Agent. —It has therefore been the objeot of many 
engineers to dispense with the use of water altogether, and to that end 
many substitutes have been experimented with. Probably not one 
of the many materials has been so popular as gaa-ooal lew , and although 
it has been used in the British Isles for over thirty years in one form or 
another of road oonstruotion, and although it is a waste product, oheap 
and available at every gasworks, there are very few who thoroughly 
understand its composition, and fewer still, even of those who have 
used it most extensively, who will be able to lay down hard-and-fast 
rules whioh would enable it to be used perfectly satisfactorily in any 
speoifio form of oonstruotion for a road surfaoe for varying degrees of 
heavy traffic. 

The reason is not far to seek: tar is a very oomplex material, and no 
two samples are precisely alike, sometimes even-from the same works. 

Coal-gas tar is obtained as a waste product in the manufacture of 
gas from bituminous ooal. The ooal is plaoed hi a retort, and by a pro¬ 
cess of destructive distillation the hydrocarbons of the original subsbanoe 
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are split up into hydrocarbons of a different character—some of which 
are in the form of a gas, others m the form of fumes, while the remainder 
is free carbon and coke. The gas is taken to the gas-holder, the fumes 
are condensed to various forms of oil and hquids, and the free oarbon 
is carried along the passages and intercepted at a syphon of water, 
while the ooke is taken from the retort. The oils, liquids, and free 
carbon are in combination known as tar Tar is also obtained from 
works manufacturing gas from oil (carburetted oil-gas tar), wood, etc., 
and from coke ovens, etc. It would require export knowledge to dis¬ 
tinguish one tar from another ; in some works the oil tar is mixed with 
the coal tar, and the tendency is to increase this class of tar. Some 
time ago, as a result of the coal strike, a very large amount of oil was 
used in gasworks, and at one works m the north of England practically 
the whole of the gas was manufactured from oil. Even at gasworks 
the coal-gas tar will vary with the class of retort, the quality of coal, 
the temperature of distillation, and methods of treatment generally. 

Composition of Tar. —A representative idea of the composite char¬ 
acter of the tar is given in a table made by Mr L. E. Wright, and pub¬ 
lished in Lunge’s book on Goal Tar and Ammonia :— 

Table XVI. 

Distilla- Distilla- Distilla- Distilla- Distilla¬ 
tion tion tion tion tion 

000° C. 050° C. 700° 0. 750° G. 800° 0. 

Gas evolved from ono ton 

of coal m cubio feet. . 0600 7200 8000 10,102 11,700 

Specific) gravity of tar. . 1080 1 102 1-140 M54 1-200 

Percentage composition of 

tar (by weight) :— 

Ammomocal liquor . 102 1-03 1-04 1-05 0-388 

Crude naphtha . 0-17 6 65 3-73 3-45 0-095 

Light oils 10-50 7-46 4-47 2-50 0-567 

Creosote . 26-45 25-83 27-29 27-83 10-440 

Anthraoene oils 20 32 18-57 18 13 13-77 12-280 

Pitch . . 28-89 30 80 41-80 47-07 04-080 

Higher Temperature, more Gas.— The above analysis demonstrates 
how, if the tar is removed at 600°, it will differ from that where the 
distillation is at 800°. The higher the temperature of distillation, the 
more do the forms of hydrocarbons which are-stable at the lower tempera¬ 
tures become unstable and the more -easily resolved into the gaseous 
forms of hydrocarbons. As the carbon is always in exoess, it follows 
that “there must, with every increase in the quantity of gas, be a similar 
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increase in the ijuunfitv nf pilch, and of tin* free carbon iu tin 1 pitch, 
the oilH having gradually been broken up into gu* ami free carbon, and 
if the temperature is taken far enough tlu*v will disappear ami tin* pitch 
In'cnjiu* earlKtnisod. 

Tar may also 1 h* obtained from tin* carbonisation of timber ami other 
vegetable matter, it is, however, principally tin* t.ar from gasworks, 
coke ovens, ami blast furnaies that Hu* mail engineer is interested in. 

The tar so obtained is a viscous fluid, dark blown m colour, and lms 
a sjieeiiic gravity varying lietwvcn IKUi and 1*2. 

The tar frum gasworks in nf a vurviutf character, because it in obtained 
fnuii no particular standard form of coal; for example, the tar obtained 
from the carbonisation nf the coal frum Newcastle in rich iu naphthalene 
and anthracene, that from Wigan haw a higher proportion nf benzol 
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and phennl; boghead or bituminous shale produce toluene and naphtha- 
lene and only a small percentage of benzene and anthracene ; then 
eannel may also la* used at the work*, and curlmrettnl water gas muy 
lie generated, the tar from which also varies ; earbu retted water-gaH 
tar ia a totally different kind of tar from coal tar, and should properly 
be kept separate. 

The tarn from the Ismdon works have a sped flu gravity of I-IH, and 
those from provincial works usually are about 1*1. 

Although tar haa been termed a waste product from the mumifaoturo 
of goa, it oon scarcely lie considered an such now ; it. has a great value 
commercially, and the analytical study of this complex substance is 
engaging the attention of the highest talent in the world. 

It is such on extremely complicated material that, so far, there have 
been found—-IB aeries of hydrocarbons containing 2 to 26 compounds 
in eaoh, 34 oxygenioed compounds, 24 sulphuretted compounds, 32 
basic and 8 non-basio nitrogenous compounds, besides numerous others 
whioh are constantly being discovered. 



102 


MODERN" ROAD CONSTRUCTION". 


The tar varies in composition with tho quality of the coal, with the 
type of Tetort, with the method of removing tlu* gas from the retort, 
and so on. It is removed from the gas by passing it through water, 
i.e. the hydraulic main. It is deposited also at the condensers and 
scrubbers. From these sources the liquid is run to a well from which 
it is pumped into a tank, where the ammomacul liquor is separated from 
the tar. 

The tar is of a heavier consistency at tho hydraulic main than from 
either the condensers or the scrubbers ; it naturally at these points con¬ 
tains more of the volatile products. 

Where exhausters are employed to remove tlu* gas uh quickly as it 
is fomed in the retort, the gas remains for a shorter time in contact 
with the hot walls of the retort., and as lino particles of enal and coke 
are drawn away with the gas, this settles at the hydraulic main 
and hence the tar from those works will bo found to havn a heavy 
oonsistenoy. 

Coke-Oven Tar. —The numerous coke ovens m this country are 
principally of the “ Beehive " type, but they arc being rapidly replaced 
by the closed-oven type. The tar which may bo formed in tho Hoehivo 
oven is, practically speaking, ignored ; in fact, it is doubtful whether it 
would be economical to separate it. On tho other hand, tho tar from 
the closed-oven type (Semet-Solvay) is one that we may reasonably 
anticipate will give a more regular and oven oharaoter than that from 
gasworks, because the coal used is of ono class. 

Dr Lunge gives the following analysis :— 


Table XVII. 


Gas Tar. 

(fnko-Ovon Tar, 

■nr , Bor Cent. 

Water . . 2-0 

Light oil . . 4*0 

Benzol for aniline . , 0-92 

Solvent naphtha . , 0-20 

Creosote oil g .0 

Crude naphthalene . 7.4 

Anthracene oil . . , 17.4 

Pure anthracene . . q.qq 

£ lt0 , h ■ • • 58-4 

Carbon . . . 15 _ 2fl 

Tor Uunt. 

2-2 

8-4 

M 

0-32 

14-5 

0-7 

27-3 

0-70 

44-3 
fi—a 

4 

From 121 Otto ovens ereoted in GJassport, Pa., the tar, of whioh there 
foUowbg 3,4 PeI 0eIlt ■ , ha7ing a Spe0ifi ° gravit7 of 1-17 > contained the 
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por oent. 

Light oil, 80° to 170° 0. . 

. 3-7 

Middle oil, 170° to 230® 0. 

. 9*8 

Creosote oil, 230° to 270° C. 

. 12*0 

Anthracene oil, over 270° O. 

. 4-3 

Pitch . 

. 67*0 

Water. 

. 2*3 

Loss. 

. 0*9 


100*0 

As about 10 gallons of tar are produced from a 

ton of ooal, and about 

20,000,000 tons of coal are carbonised each year in ooke ovens, a large 
amount of tar might be anticipated; but as the Bcehivo typo of ovens 
are installed in the proportion of about 3*5 to 1 of the closed-oven type, 
the amount of tar from that source is not as great as it might otherwise 

be. The conversion is taking place slowly. 


The amount of sulphate of ammonia obtainable from a ton of coal 

is about 25 lbs. 


Benzol can also be produced from this tar to 

a greater extent than 


from coal tar. Ah benzol in likely to become more and more in demand 
for motor purposes, and sulphate of ammonia is equally necessary for 
agricultural purposes, it in probable that the production of tar from this 
Houroe will be increased. 

In any case, the conversion from the Beehive to the olosod-oven type 
is almost certain, bcoauso the flnanoial aspeot is so favourable. 

Taolu XVIII. 


Bemot-Solvay. Beehive. 


Number of nvnm. 

Average time of ooking (hour*). 

Number of nvena diioharged in 24 hour* . 
Coal ookod in 24 hour* (tons) . 

Coke produml in 24 hours (ton>) . . 

Sulphate of ammonia produoed In 24 hour* 
(tone). 

Tar produoed in 24 hours (torn) 

Yiela of ooko per oent. 


nh^o 4 

.. tar 

Value of ooko . 

„ NH 4 S0* 

„ tar 

„ produote from 1 ton of 00 al 
Coat of each oven 
Duration of each oven (years) . 
Quantity of ooko made in eaoh oven 
Cost of oven per ton of ooko 


(top*) 


it 


12 

20 

14*4 

70*88 

68*74 

0*7B 

2-QL 

80*7 

1*0715 

3*80 

£20*14 

£10*72 

£8*14 

£8-08 

£820 

10 

17*88 

0*017 


12 

151} 


6*6 


27*31 

17*04 

Nil 


Nil 

62*3 

Nil 

Nil 


Nil 

Nil 


£ 0*6 

£83 

B 

2*91 

0*023 
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The Semet-Solvay oven is a type ■which is beooming recognised as 
the latest and best of its class, and it is used in Belgium, France, and 
England. One of its prinoipal features is the exclusion from the inside 
of the ovens of the heating gases. 

The process adopted at the gasworks for the recovery of the tar 
is in a very large measure followed and adopted at the coke ovens. The 
liquid passes from a hydraulic main into the tar wells; tar is also obtained 
from the air condensers and water condensers; the latter are oomposed 
of a series of chambers filled with water through whioh the gases from 
the ovens pass and a proportion of the tar is left behind; it is then taken 
through a tar extractor ; here it passes through very fine perforations, 
strikes a oool surface, and the particles of tar are brought together into 
a liquid and flow with the other tar to the tar wells. 

Blast-Furnace Tar. —In Scotland there are a number of blast fumaoes 
which are fed with bituminous shale which is suitable for the purpose. 
The yield of tar from these blast furnaoes is from 5 to 10 per cent, of 
the weight of the fuel consumed. The same principle of condensing 
and cooling that has been described is adopted for the reoovery of both 
the ammonia and tar products from blast furnaces. The tar from its 
chemical and physical properties is similar to the tar from gas retorts 
worked at low temperatures ; it has a low specific gravity=0-95. The 
amount of tar produced from this source is equal to about £ of the 
tar produced from gasworks, and the amount produced from coke 
ovens is about £ of the gas tar. 

Carburetted Water-Gas Tar. —Water gas is produced by passing 
dry superheated steam over white-hot ooke : the gas produced has some 
heating value. In order to make this gas suitable for illuminating, it 
is passed through hot retorts with vaporised oil. The tar produced from 
this process is equal to from 10 to 20 per oent. of the oil used. It is not 
unusual to mix the tar obtained in this process with the tar obtained 
from the ooal-gas retorts, but, as has already been stated, it is advisable 
that it should be kept separate, as the tar is totally different. 

011-Gas Tar is not produoed in this oountry, but it is to some extent 
used in Russia and America. This gas is produoed by passing oil through 
red-hot tubes. The oil is decomposed, forming a gas which is used for 
illuminating purposes, but in the passing through the tubes some of 
the hydrocarbons are not decomposed, and form a tar. 

Fractional Distillation of Tar. —Tar as it is removed from the tar 
tanks contains, as will be noticed from the analyses, ammoniaoal liquor, 
water, light oils, eto. eto. None of these lighter products are useful 
in the ter used for road-making purposes, and it is neoessary that they 
should be distilled off the tar. In some works the tar has only the 
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ammoniaoal liquor removed, and the crude tar sold frequently carries 
5 to 6 per cent, of water. The tar may be distilled so as to remove water 
and certain of the light oils, in which case it is called dehydrated tar ; by 
raising the temperature in the still other oils are removed, and the 
tar becomes heavier and the prooess can be continued until pitch remains 
or carbon. 

The specification of the British Engineering Standards Committee 
indicates that a standard oan be arrived at. The method of distillation 
is somewhat as follows :— 

The still is usually an upright cylinder of wrought iron with a dome¬ 
shaped top and convex bottom. The fixe is bridged so that the flames 
reach well into the dome and then pass round the cylinder and from 
thence to the flue and chimney. 

Steam pipes are fitted in the interior of the still with jets. At the 
head of the dome is fitted a pipe with cone-shaped entrance whioh passes 
to a condenser from which the condensed liquids are removed. Through 
the top of the dome of the still is placed a tar inlet, manhole, deadweight 
safety valve, overflow pipe, and thermometer ; and the foot of the still 
is the pipe whioh discharges the distillate in the form of a heavy tar 
or pitch to what is called the smothering chamber. 

The process of distillation is as follows :— 

The still is filled with crude tar to the level of the base of the dome of 
the still: this is determined by means of a float. An air-cock pro¬ 
vided in the crown allows the air to escape as the filling takes place. 

The openings are then closed and the heating commences. The heat 
is maintained at boiling-point for some time in order to free the tar 
from moisture ; this causes some slight explosion or bumping. The water 
having passed to the condenser, the next liquid to come is the light 
oils, and the receiver is changed. Greater heat is necessary to make 
the light oils oome away, the heating being regulated to each change. 
Appro'ximately the prooess is as follows :— 

Dehydration up to 110° C. 

Light oil „ 210° C. 

Carbolic oil „ 240° C. 

Creosote oil „ 270° C. 

Anthracene over 270° 0, 

These are the broad fractions that are generally adopted; in order 
to seoure better isolation of the products, intermediate temperatures 
are used and separate distillation. 

Dr Lunge gives the results of the treatment of 15,000 gallons 
of tar:— 
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Table XIX. 



Tem¬ 

perature 

A TH tti on 1 ft- 

First 

Light 

Oarbolii 

Oreosolo 

Anthracene 

Time. 

in Still 
Head. 

ool Liquor. 

BanningB 
Oil. 

Oil 

Oil 

Oil, 

Oil. 


Degs 0. 

kg 

kg 

kg 

kg. 

kg 

kg. 

8 Oa.m to 10 30a m. 

80-08 

880 

440 




(20* his.) 

10 30 to 11.30. 

107-228 

sp gr. 1 00 

sp.gr. 0-026 

260 








sp. gr. 0 006 




11 30 „ 1 80 . 

228-262 




620 

Bp.gr 1-016 



1 30 „ 4 00 . 

262-278 




1800 

sp.gr 1 040 



4.00 „ 0.80 . 

278-286 





1460 


gate 


eand 


Hn or. i non 


Tlie ammomaoal liquor is treated and used in the manufacture of 
sulphate of ammonia; the light oils are redistilled and called light oil 
naphtha. 

The distillation of the second lot of light oils is continued until the 
speoifio gravity is equal to 1-00. This fraction oontains benzene, toluene, 
etc., and is very valuable; it can be treated and made into benzol. In the 
rectification of this distillate the residue is sent to the oreosote oil well 
and the remainder is solvent naphtha. 

The third section is in many works included with the fourth and 
called oreosote oils; it is, however, this olass that is used in the manufac¬ 
ture of disinfectants, oolours, eto. 

The fourth section is creosote oils and naphthalene, but there is in thin 
oil anthracene, OTeosol, eto.; the naphthalene, however, is prominent to 
the extent of about 40 per cent. In the sale of oreosote oil it is usual 
to stipulate the limiting percentage of naphthalene, otherwise when it is 
received it will be a solid substanoe under oertain temperatures. 

The fifth section or fraction is anthracene oil, sometimes oalled 
green oil, whioh is more often used for outting back the pitch, to a*softer 
consistency ; it is also used in the manufaoture of alizarin.' 

The residue is oalled pitch, and at ordinary atm.osph.erio temperatures 
is a hard, brittle, black substance ; it can, by adapting the temperature 
of the still or by outting baok, be made into a soft pitch, moderately 
hard pitoh, or hard pitch. 

If the distillation is oarried too far, the pitoh beoomes ooke and 
damage may be done to the still. 

Free Carbon—Effect on Adhesive Property. —The free carbon , there¬ 
fore, in the pitoh is a measure of the temperature at whioh the coal was 
treated. Obviously free carbon would serve no useful purpose as a 
constituent in road construction. It is, therefore, necessary to inquire 
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into the point where free oarbon beoomes a detrimental faotor, taking 
into consideration the fact that coal tar oannot be obtained without a 
proportion of free carbon. The proportion depends in some measure 
on the manner in which the coal is treated in the retorts, and whether the 
retort is of the vertioal type, the inolined type, or the horizontal type. 
In those installations fittod with vertical retorts (there are only a few in 
this country) the free oarbon is said to be least in quantity, while the 
horizontal type gives the highest proportion. The reason why this is 
bo is not quite dear, but it nevertheless is a generally aooepted faot. 

A proportion of the free oarbon may be considered as a very near 
approximation to soot; the “ blaoks ” that are given off when burning 
naphthalene will probably give somo idea of the fineness and oharaoter 
of the free oarbon. It is not generally regarded as an adhesive agent, 
rather the reverse, as it is often used as a temporary form of lubrioant. 
Free carbon is also a well-known absorbent of moisture. However, 
it does not always follow that beoause a material by itself is a non¬ 
adhesive agent, if it is added to another material it will neoessarily 
deteriorate the adhesive qualities of this material. As an example, 
bitumen is not necessarily adhesive until it has a suitable agent added to 
it which makes it so. 

Tar Adhesive at Certain Temperatures. —In the manufacture of 
ooalite, the tar whioh is obtained has only a low percentage of free 
oarbon, but the tar can hardly be said to be adhesive at all, the oil 
being apparently in exoess. 

Tar is an adhesive material at certain temperatures, but if the free 
oarbon was removed entirely it would probably beoome non-adhesive ; 
therefore, laboratory experiments may prove that in the absenoe 
of moisture free carbon is the proper agent for malring it adhesive. 
The question now arises as to the quantity. If a pitoh has 33 per oent. 
free oarbon, and the speoific gravity of the pitoh is 1-2, it follows that if 
the specific gravity of the free oarbon is 1*5, the material which is distinot 
from the free oarbon has a specific gravity of 1-05. Mineral matter in 
other bitumens of the best olass is of a high specific gravity, i.e. about 
2*6, so that the bulk of free oarbon is 1-75 times greater than the bulk of 
the mineral matter in the bitumens. If the amount of mineral matter 
in tar is to have the same relative amount as in the bitumen, there should 
only be about 20 per oent. of free oarbon in the pitch. The mineral 
matter in the bitumen has not an affinity for absorbing moisture, so 
that the exoess of free carbon in the tar may have a detrimental efEeot 
in this way, as the more there is the greater willjbe the tendenoy to absorb 
moisture. 

Absorption of Moisture by Tar. —The tests for absorption of moisture 
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by tar, as earned out by Mr Race, F.I.O., and explained m a very compre¬ 
hensive paper published in The Surveyor, Nov. 25, 1910, would almost 
lead one to suppose that adhesiveness was inversely proportional to the 
amount of free carbon in the tar, and that the absorption of moisture was 
equal to one-third the amount of the free oarbon. 

Naphthalene. —These tests are not empirical, nor are they nooessarily 
results due entirely to the presence of free oarbon. There is in the tar 
a very considerable quantity of naphthalene, muoh of whioh is removed 
when the tar is distilled to pitch; but if there is in the tar any 
naphthalene, it is quite possible that this substance may have hod some 
influence on the absorption of moisture, as it has an even greater affinity 
for moisture than free oarbon. 

Distillates from Tar. —In distilling tar, when the temperature reaches 
180° C. naphthalene begins to come over with the oreosote, and continues 
to come over when the temperature reaches 250° to 270° C., so that the 
oreosote and the anthracene both have a proportion of naphthalene whioh 
has to be removed by settlement. There is a quantity of naphthalene in 
solution in oommeroial oreosote and anthracene oils. It is therefore 
probable that in any pitch or tar there will be at least 5 per cent, of 
naphthalene, and it must therefore be aooepted that these two substanoes, 
naphthalene and free carbon, are inherent difficulties, which may beoomo 
important when applied to suoh works as road construction, subjected 
to long periods of moist conditions, and the continuous beating and 
pounding of traffio. 

In the majority of oases of failure that have come under the notice 
of the writer, there has been distinct evidence of moisture in the structure. 
The reason for failure, however, oannot be assigned definitely to the free 
carbon or the naphthalene, as the method of construction in eaoh instanoe 
gave some encouragement to moisture to enter the structure. If moisture 
does penetrate to the interior of the road surfaoe and a frost intervenes, 
the adhesion of the stone is likely to be broken, and as the moisture would 
be retained there would be no subsequent adhesion. Thus the road would 
be broken up without the material having been worn, or its use exhausted. 

London Pitch. —From inquiries in London, the amount of free oarbon 
in the pitch varies between 26 per cent, and 33 per oent. Aj3 the tar 
from the gasworks in and about London is nearly one-quarter of the 
tar thus produced, it becomes very important to test the material 
thoroughly before arriving at the conclusion that the presence of free 
oarbon in the above proportions is a disadvantage. More especially 
iB this the case when prominent advocates of tar in road construction 
regard the presence of free oarbon in roads with comparative indifference, 
and mention roads where suoh tar has been used as successful examples. 
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The difficulty seems to be in repeating the examples in other districts 
with a different class of traffic. 

Tar Producers and Tar.—The British Engineering Standards Com¬ 
mittee have, as has been previously stated, published a specification of 
various classes of tar (see Appendix). 

This specification is doubtless one that tar producers can accept and 
give to road engineers, and one that road engineers can aooept. It is a 
serious attempt to standardise the tar for road structures. But whether 
the tars so specified are such as will meet all the requirements is doubtful. 
They are based on the knowledge that was prevailing at the time the 
specifications wore considered and made, and doubtless had to accord 
with the requirements of the trade in respect to those oils distilled from 
orude tar which have a high oommeroial value. It is quite probable that 
it is due to this that certain elements remain in the tar, as specified, which 
oould usefully be eliminated. For example, the tar, as specified, and 
whioh may be used in a sealing coat or tar-sprayed ooat will, under 
heavy traffio, wet weather, and a low atmospheric temperature, develop 
into a slimy mud. It is evident that the tar under such conditions 
becomes emulsified. What causes this feature to develop 2 Is it the 
naphthalene that is allowed to remain in the tar or the free oarbon ; or is 
it some of the third or heavy oils whioh apparently the atmosphere seems 
to affeot so that oxidation takes place, or the sun or atmosphere is able 
to break up and allow a portion to volatilise 1 Beoause, whenever any of 
these tars are exposed to the atmosphere, the surface quickly hardens. 

Obviously this characteristic of tar is a detriment to its successful 
use as a medium in road construction under heavy traffio conditions. 

That there are elements in the specified tar which are unsatisfactory 
must be admitted; in some oases it has been noted that a percentage 
of tar acids are included in specifications of creosote oil, which is used 
for the cutting back of pitch; tar acids are useful for the preservation of 
timber, etc., but do not seem to the author to have any particular 
value for road-oonstruotional work, and it would seem from the above- 
mentioned specification that these tar aoids must be in the tar so 
specified, and it is possible that these or some other oils or aoids may 
have the deterrent effects. 

There is a wide field for investigation in tar for road work, and the 
writer is convinced from the results whioh he has scoured that a oareful 
and systematic examination will discover in this material a much mom 
valuable product than it is at the present time. The analyst must work 
with the engineer, who knows what is wanted and what is to be sought 
for. It may be that as a result of this investigation oertain portions may 
be removed with advantage; on the other hand, it may be that certain 
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added material will prove to be an antidote and remedy the defects and 
be more economical. In any oase, it is a subject that will well repay 
investigation if a successful material is developed. Up to the present, 
experiments with different materials have been tried with no particularly 
satisfactory results and with no apparent method. 

Tar is relatively a cheap material in this country, being about one- 
third the cost of bitumen in normal times ; but unless the results scoured 
from its use are equal or nearly equal to those obtained from the use of 
bitumen, it may even at such a cost be the more expensive, as has 
actually proved to be the oase m several instances. 

Dehydrated Tar is the tar whioh has been heated at 110° C. (230° F.); 
there should not be m this tar any greater percentage of light oils or 
moisture than 1 per oent If a thicker consistency is required, then 
the distillation can be oarried to 210° C. (410° F.) to removo sonic of the 
creosote and naphthalene, or by a still further distillation up to 270° C. 
(518° F.) to remove the naphthalene and a portion of the anthracene. 
The temperature should not be raised above 270° C. (518° F.), as the 
pitch above this temperature begins to decompose and carbonise. It is 
therefore neoessary to continue the heating by means of steam-piping, 
the steam being at a pressure of 50 lbs , so that the temperature is not 
increased. The pitch thus obtainable is “ hard ” or “ soft,” depending 
on the amount of oil distilled off. 

Method of Testing Pitch. —A simple method of testing for the quality 
of pitch that is required is to take a small quantity in the form of a cube 
(| inoh), pass a red-hot wire through the oentre, and suspend the wire 
horizontally under water, then gradually heat the water up to 150° F., 
when the pitoh should leave the wire : this temperature may bo termed 
its melting-point. 

Composition of Pitch. —Pitoh is “ bitumen” and extraneous matter, 
suoh as free oarbon, residual coke, etc. (bitumen being understood to be 
a substance that is soluble m oarbon disulphide). 

Test for Free Carbon. —This is as follows:—A quantity of tar is 
treated with oarbon disulphide or hot benzine until the extracted liquid 
is not discoloured : the residue when dried is free oarbon. 

Fixed Carbon. —Free oarbon must not be oonfused with free carbon , 
the test for whioh is determined by taking a gramme of tar and placing 
it in a platinum crucible, tightly oovered, and then submitting the 
oruoible to a bunsen flame 9 inches long, the bottom of the oruoible being 
plaoed 2J inches from the bottom of the flame : the residue after seven 
minutes is fixed oarbon. 

Signification of Fixed Carbon. —Mr Clifford Richardson, in dealing 
with the question of fixed oarbon in bitumens, says : “ In the determine* 
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tion of the amount of fixed carbon which any native bitumen will yield 
when heated to a high temperature m the absence of oxygen, data are 
obtained whioh are of great interest as showing the relative proportion 
of carbon and hydrogen in the bitumen under examination. In the case 
of the paraffin hydrocarbons of the formula C n H 2)l + 2 > no fixed carbon is 
left on ignition, while the amount increases with each diminution in the 
proportion of hydrogen to carbon, until in grahamite as much as 50 per 
cent, is found where the relation of carbon to hydrogen is 8 to 1.” 

A high proportion of fixed oarbon in a bitumen is an indication of 
the severe treatment that the material has undergone in the course of its 
production. 

Uncertainty of Effect of Free Oarbon.— The Road Board’s original 
specification, whioh has given place to the British Engineering Standards 
Specification (see Appendix), gave the percentage of free oarbon as 16 per 
oent., but this was amended to 20 per cent, owing to the difficulty of 
obtaining tar with such a percentage as is indicated, and to the 
uncertainty whioh prevails as to whether the higher percentage is any 
greater detriment to its use. 

Adhesion of Tar. —Mr Walker Smith, who has olosely examined 
into the peculiar characteristics of tar, has among other matters given 
a table of its adhesion and also its re-adhesion at two different tempera¬ 
tures. The figures have been amplified in a subsequent paper published 
in the Proceedings Inst. 0. E., vol. olxxxvi. The table is most interesting, 
as it demonstrates the erratic qualities of the tar, probably obtained m 
the ordinary way, and without being brought to any speoifio standard. 
Each of the tars had different specific gravities, and consequently it can 
be assumed that they differed in consistency. 

a 

Table XX. 





Adhesion. 



Re-adhesion. 


Material 

56° F. 

110° F. 

Per 

oent. 

55° F. 

Per 

oent. 

110° F. 

Por 

cont. 

Coal tar 

1 

45-76 

35-60 

-22 

41-75 

- 8 

12 

-67-9 


2 

6120 

20-00 

-60 

20-00 

-60 

8 

-84-9 

ft 

8 

49-60 

88-25 

+68 

64-25 

+ 9-6 

44-25 

-16 


4 

160-00 

204-00 

+86 

89-00 

-40 

117-00 

-22 

Tar via 

1 

4100 

47-00 

+14 

88-00 

-19 

15 

-88 


2 

, 181-00 

143-00 

+9 

76-00 

-42-7 

63 

-60 


No standard has been laid down as to what is the amount of adhesion 
that is required in a good road construction, so that there can be no 
comparison ; prima fade , Nos. 3 and 4 give the best results. 
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That adhesiveness is necessary in a binding agent is a sine qua non ; 
bnt adhesiveness is not a serious item. For instance, if a stone is so 
surrounded with or embedded in other material, while the aotual adhesive¬ 
ness of the binding agent between the stone and the material in which it 
is embedded is small, as it is in a water-bound macadam road under ideal 
conditions, its movement is oonfined to the minutest limits; the stone 
cannot break away from contact with the other material, and therefore 
adhesion plays a somewhat unimportant part, and ductility becomes a 
muoh more sought-for characteristic 

Importance of Adhesion in Tar Macadam.— In the usual methods of 
tar-macadam construction, the adhesiveness and re-adhosion would play 
an important part, because the stones are not embedded in a material 
but have comparatively large portions of the stone unconnected and 
therefore subjeot to considerable movement. 

Atmospheric Temperature—Effect on Roads. —A roadway surface 
is exposed to the full rays of the sun, and a black substance suoh as tar 
will retain the heat for a longer period than a lighter-ooloured surface. 
In London, during July 1910, a temperature of 121° F. was recorded, 
but in July 1911 the temperature went up to 132° F. These high tem¬ 
peratures have therefore to be taken into consideration, but it does not 
follow that beoause the surface has a high temperature that suoh a 
temperature would be obtained 2 or 3 inches below the surface. 

The other extremes are also to be considered : the winter tempera¬ 
ture will go to about 25° F., summer evemngs and nights will give a 
temperature of 53° to 55° F. So that, if an average is taken, possibly 
the latter would prove to be a fair figure. In road construction the 
average cannot be taken, but the limits when the traffio is exerting its 
influence on the road, i.e. between 9 a.m. and 6 p.m., and during those 
periods the temperature may be about 30° F. in the winter and 120° F. 
in the summer 

Viscosity of Pitch. —A pitch that was used for grouting a macadam 
road was examined and tested with the objeot of finding the viscosity 
at various temperatures. The test was made by noting the depth a 
weighted needle would penetrate the pitch in one second. 


At 40° F. the penetration wa,g nil. 

50° „ „ „ „ 1 mm. 


„ 80 ° , 
„ 90° , 
„ 100 ° , 
110 ° , 


„ „ „ 8 mm. 

» >j >j 16 ,] 

a a a 28 ,, 

the pitoh was too soft to 


record the measure. 




This sample would, therefore, prove to be too hard in winter months 
and too soft in the summer weather. 

Variations oould be made which would give a penetration at 40° F., 
but the softness would be reached at a lower temperature than 110° F. 
The addition of slaked lime would probably enable the mixture to be 
measured by penetration at 110° F., because the lime would prevent 
the pitch from moving during the time of the test. Either creosote 
oil or anthraoene oil is used to soften the pitch (see the British 
Engineering Standards Specification for the method of heating and the 
proportions to be used). 

If pitch and creosote oil is placed in a pan and heated, it will be 
noticed that when the temperature rises to 160° F. fumes become visible, 
which shows the low evaporative power of the oil. If the temperature 
is raised to 270° F., which is the usual temperature for making the com¬ 
bination, it must be anticipated that considerable volatilisation will 
have occurred, and if the pot is left simmering for any lengthy period 
at even a lower temperature, the viscosity will have altered in a very 
marked degree. 

Volatilisation of Tar. —In this connection Mr Walker Smith gives 
a very striking example, in his treatise on Dustless Roads, on the evapora¬ 
tion of tars at ordinary temperatures of 60° F. and 110° F. 

Table XXI. 


Material. 

Sp. gr. 

One Week 
at 60° F. 

One Week 
at 110° F. 1 

Coal-gas tar . 

1-23 

0 23 

1-10 

Colto-ovon tar 

1-21 

1-70 

8 80 

Distilled tor 

1-195 

0-74 

3 20 

Tarvia 

1-245 

0-50 

2-13 


» The figure under this head are In excess of those at 00 s P. 

In the paper read before the Inst. O.E., vol. olxxxvi., the same author 
gives perhaps the best example of a standard for tar that can be made. 
He limits the evaporation of tar to 1 per cent, at 60° F. in one week. 

It would seem that this is the very faotor that ought to be eliminated 
altogether, but the possibility is doubtful. 

It becomes evident that as it is the oils which keep the pitch in a 
pliable condition, any reduction by evaporation njust harden the pitch 
and gradually make it brittle. If 1 per cent, can be absorbed in one week 
at 60° F., as there is only about 20 per cent, of oil in the pitoh, it is oon- 

8 
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oeivable that twenty weeks’ exposure would remove the softening agents 
This is not likely to be the oase in any road oonstruotion. The surface 
of the tar hardens, and this will prevent the interior oils from beinj 
absorbed into the air , but any cutting into the surfaoe of the tar, an( 
oonsequent exposure of a new surfaoe, would, cause the reduction as ^ 
matter of course. 

Hardening of Tar. —In road construction, therefore, it might bi 
taken that the tar should not be hardened by the addition of lime 
sulphur, or resin, beoause the volatilisation that will go on during it, 
life in the road would perform the necessary hardening. But it is fount 
desirable to add a little resin and a, comparatively speaking, large quan 
tity of oil, and also a proportion of lime. The oil softens the pitch, thi 
resin hardens, or, preferably, raises the melting-point without materially 
altering the effect of the oil. The hme, if carefully placed in the maa 
by sprinkling and constant stirring, will act as a preventative of the flow 
ing of the material when it reaohes that stage through excessively higl 
atmospheric temperature. Sulphur would act as a hardening agent, bu 
its use is not usually considered advisable. 

Examples of the hardening of tar when submitted to atmospherii 
conditions are plentiful, in the grouting processes and on the roads whiol 
have either been tar-painted or on roads which have been laid with ta 
maoadam. In July and August of 1911 a road was ooated with ston< 
and afterwards pitch-grouted. The weather was exceedingly hot ant 
dry, and the pitch was noticed to be in a flowing condition, leaving th< 
middle portion of the road for the sides. In September, on a day whiol 
was equally hot, there were no evidences of the pitch flowing, and th< 
stickiness of the pitch had entirely disappeared. The intervening montl 
had been very hot, and there is no doubt that the volatilisation had beei 
considerable ; and the impression given was that the tar was dry, hard 
inolined to be slippery, and that it would not take very much more o 
such severe atmospheric conditions to make it easily crumble. Som 
portions were soft, and it may have been due to faulty mixture. Thi 
would probably be an exceptional oase, as the pitch ought not to hav 
deteriorated so rapidly. 


TAR-SPRAYING. 

The hardening and subsequent disintegration or breaking up o 
tar is seen more frequently and more strikingly in tar-painted or tar 
sprayed roads. 

The tar is laid on an existing water-bound maoadam surface, whioj 
must be fairly true and dry, by means of a brush or mechanical spray 
While the tar is in its fresh, adhesive condition it is ooated with a laye 



of fine clippings or with sand. In some oases this layer is so thick 
that no tar is at first visible. It is then either rolled with a steam-roller 
or the traffic is allowed to work the ohippingB in In other oases the 
matorial chosen is merely sprinkled lightly over the tar, so that it is not 
at all hidden from view. 

Within a few hours the sand is absorbed by, or is coated with, the 
tar. Probably before the end of a week, and especially so if the weather 
is very hot, the surface becomes oxidised and hardens ; this coating is 
tough and resilient, and makes a very aooeptablc roadway. After a 
time the traffic, if it is continuous and lioavy, will affect it; it becomes 
dry, and a brownish powder is seen on the face of the road. This appears 
to be the first sign of disintegration, but it is not until the weather turns 
cold and wet or damp that the breaking up of the tar takes place m any 
marked degree. 

It is more severe where the chippings and sand have been heavily 
laid on the coating of tar, as may be explained by applying the .defects 
that have been elucidated in the foregoing paragraphs. The tar is in a 
very thin layer on each stone, therefore greater volatilisation has taken 
plaoe than would have been the oase whore the chippings had been merely 
sprinkled over the tar-coating. The tar is also in a very fluid condition, 
and while it is hardening the ohippings are moved about by the traffic, 
continually exposing new faoes and encouraging volatilisation in the 
highest degree. The thin sprinkling of sand (the writer adopts this 
method and sweeps the surplus away after forty-eight hours) leaves a 
greater body of tar on the surface, and tar is more adhesive to itself 
than to outside bodies. It must be borne in mind that the tar that is 
used for tar-spraying or tar-painting is dehydrated tar, %.e. the tar from 
whioh the water, naphtha, phenols, eto., have beon removed; it still retains 
the naphthalene, the substanoe whioh absorbs moisture. 

Moisture a Deteriorating Factor. —If a pieoe of the tar-ooating, whioh 
is more or less easily peeled off the surfaoe, is broken, there is distinct 
evidenoe of moisture, and in some oases a crystalline structure. It 
must therefore be anticipated that moist and wet weather will have a 
deteriorating effect on the coating, and it only requires sufficient traffic 
to complete its destruction. 

Softening Pitch. —To use tar whioh has had the naphthalene removed 
would be a somewhat costly procedure, as it would involve distillation 
to pitoh and softening back with heavy oils, and the amount or pro¬ 
portion of oils would be so high that it would take a much longer period 
to set, quite apart from the difficulty of laying it and the greater excess 
of oil over the quantity that is in the dehydrated tar, the oils of whioh 
are lighter and more evaporative. 
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Effect on Macadam.— One of till' disadvantages of tar-spraying or 
puinting is tin* olTi*et it lias on the macadam undorneatli. The coating 
of tar is laid in ordi*r t.o prevent any moisture from penetrating to the 
imw’udum stnudum ; hut as the macadam is dependent on a certain 
jH'rn'ntagf of moist,um in order to maintain its firm condition, and as 
the tar is only plum'd on the surface of the road when the latter is in a 
dry cotidit iou, a certain small proportion of the tar, which is in an attenu¬ 
ated condition, or of some of the oils from it, penetrates tho fine material 
Isdween tin* Htones, evidence of which iH the brownish colour imparted to 
the line mute rial. This removes the binding properties that previously 
existed, While the tar-coat is whole, no damage is done, but immedi¬ 
ately the coaling is worn through by the traffic, the macadam rapidly 
ravels and holes are formed. It therefore beoomoH necessary to oarefully 
watch the deterioration and wear of tho tar-coat, and recoat this 


portion before it is too late. 

Affinity of Limestone for Tar, —Limestone or certain classes of lime¬ 
stone appears to have a greater affinity for tar than any other stone, 
and tho above conditions do not seem to apply to suoh an extent as they 
do with granite or with flints, but on limestono the surface bocomes much 
more slippery, and consequently less acceptable to users of the road. 

Tar-spraying an Annual Process. —It is reoognised that tar-spraying 
must he done annually, on aocount of the volatilisation which goes 
tm. Tim oilH which keep Ulo tar pliable to a large extent disappear, 
and if it is left longer than about twelve months, tho ooating rapidly 
breaks up by ordinary trallio conditions. The annual dressing is re¬ 
quired, therefore, to impart “ liveliness ” to the old material; thus 
each year the coat becomes thiokor, and at some time or other will have 
to bo removed. It is therefore desirable that the first coat should be 
ah lightly laid as possible, and just enough for the purpose—the writer 
*preadx one gallon over 9 to 10 superficial yards. In the majority of 
roaiU this appears to bo quite sufficient to lay the dust, but there 
are many roads where this ooating is worn away in about two months, 
when a »eoond ooat is applied, and whore necessary a third coat; by 
the time the winter arrives, tho road is no worse than it was in the days 
whrn tar-spraying was not adopted, The only objection that« meed 
ia that the dull black appoarauoe of tar-spraying is an eyesore; but the 


advantages are admitted. 

There is no doubt that it is an economically suooessful method of 
treating macadam roads. The chart at end of book shows what has 
been done in one of the boroughs of London, and there are many 
other districts whioh oould testify to equal, if not superior, results 


then ere there inchoated. 
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There are many roads where tar-painting is almost of permanent 
advantage, i.e. roads lightly trafficked, as few known prooesses of 
construction would compare with it in oost, notwithstanding its dis¬ 
advantages. 

Howovcr, it can only be regarded in tho majority of cases as a palli¬ 
ative, a temporary expedient, and only to bo adopted ponding tho time 
when a satisfactory, permanent, impervious, and cheap (in first cost) 
pavement oan bo adopted to replaco tho water-bound maoadam road, 
oombined with tho annual tar-iwinting. 

Machines for Tar-spraylng. —There aro quite a numbor of maoliines 
on the market for tho purpose of tar-spraying. Tho principle in oaoh 
is very similar : the tar is heated in a tar-pot to a temperature of about 
2B0° F., and then pumped either by manual labour or by moans of 
Bteam power. Passing through an air chamber whioh equalises the 
pressure, the tar is forced through a small pipe at high speed to a 
nozzle, impingPB on tho sides, and iH whirled round and broken up 
against a plate, issuing forth in tho form of a fine spray on to tho 
tmrfaoe of the road. 

Meehanloal Tar-spraylng Machines,— The illustration faoing thfe page 
Bhows one of a number of forms of tar-spraying maohincs. The tank 
in front of the tar boiler is filled with tar, and a pipe oonnection with a 
hand pump joins the tank with the boiler. 

The boiler is partly filled with tar, and a fire heats it to a proper 
consistency, and as fast as it is sprayed on to the road the boiler is 
supplied with tar at the same speed by means of the pump and pipe 
connection ; by this means the heat of tho liquid is constant. When the 
tank is emptied, it is unhitched from tho tar boiler and anothor full- 
loaded tank is hitohed on to the boiler. By this means the work is 
continuous. 

The tar is pumped by hand and furcod through a pipe at the end of 
whioh is a specially designed nozzle whioh breakB it into exceedingly 
fine molecules. 

Fig. 24 a shows a 1000-gallon tar-spraying maohine complete in itself; 
it ir its own tar tank and boiler, the heating being done by means of 
steam ooils placed on the bottom of the tank. The steam is taken from 
the boiler of the engine whioh is used to drive the vehiole. 

The spraying is done by a series of nozzles placed at the back of the 
maohine and near to the road surfaoe. The pump is in a recess at 
the rear of the maohine, and it is worked from the rear wheels of the 
tank. By this means the pump only works when the maohine is 
travelling. A olutoh is placed on the shaft, by whioh means the 
working of the pump oan be thrown in or out of gear. 
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The spraying oan be adjusted to qover from 3 yards to 14 yards per 
Ion of tar. 

Spraying with Thick Tar. —The thioker the tar, the more it has to 
heated to get it of the proper attenuated consistency to be broken 
into a spray ; greater pressure is also required to deal with it satis- 
torily, but it is the rule that, where a heavy tar is used, tar-painting 
means of brushes is adopted. 

Consistency Tests for Tar. —Some distillers distinguish the different 
alities of tar by speoifio gravity, but this does not give one any idea 
whether the tar is liquid or not. The speoifio gravity may be, say, 

1 in one oase, whereas another tar of the same speoifio gravity would 
jw quite a different consistency.; one might be liquid and the other 
id. 

Twaddell’s Measure. —For liquid tars TwaddelVs Measure is used; 
s is a weighted glass tube and bulb, whioh sinks into the tar, the 
pth that the tube sinks being read off on the tube at the surface of 
i liquid Eg. if a liquid tar gives a measure of 40, then the specific 
mty is obtained by multiplying by 5 and adding 1000, then dividing 
3 result by 1000 — 

Sp.gr.=(40 x 5)+1000 

1000 =1 ' 2 - 

The fraotionation tests that are given in the British Engineering 
andards Speoifioation are an ample and sufficient guide to the various 
alities of pitoh and tar used in road construction, and if adhered 
the results on various roads may be compared. 

Combination of Pitch and Oil. —The method of mixing pitoh and oil 
the above-mentioned speoifioation is termed “ softening baok ” or 
jutting back.” It is the method that is adopted to free the tar from 
e naphthalene. The pitoh must first be heated and melted and kept 
nstantly stirred, so that it is not burned ; when the lumps have dis- 
ived, the oil is added, and the temperature kept at about 270° F. 
L til all bubbles have disappeared and the surface is perfeotly level 
d glassy. The heating will be performed in a more satisfactory 
anner if the direct heat from the fire is kept away from the bottom of 
e pan ; the flame should be passed along a flue of briokwork, so that 
ly the hot gases from the fire surround the pot before they go to the 
imney. 

No definite amount of oil oan be given, as the consistency is variable 
id the results to be obtained are not oommon. A free-flowing oon- 
itenoy oan absorb 30 to 40 per cent., whereas a tar that is pliable when 
Id would require only about 16 to 18 per cent. It may be necessary, 
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if the mixture has been over a fire for a long period, to test the con¬ 
sistency and add more oil. When the mixture is cold and a pieoe is 
stretched there should be no small excrescences in the stretohed pieoe, 
whioh would indicate indifferent heating and mixing. 

Air-tight Covers—Mechanical Mixing. —Where mechanical mixing is 
employed it may be of advantage to use air-tight covers to the pan, 
but it does not appear to be desirable otherwise. There is too great a 
tendency to be oareless and overheat, and so bum the tar. A good 
design of pitch boiler is shown in fig. 25. 

Failure of Tar. —Many engineers regard tar as a failure, because it 
has failed in places where it was expeoted to give success ; in these 



Tig. 25. 

oases the fault lies, not neoessarily with the material, but in the use of 
it, the traffic being too heavy for the method of construction. 

Where the traffic is light and not too continuous, tar maoadam, 
even when refined tar is used as the binding agent, will laBt satisfactorily 
for many years, and an occasional surface dressing of tar, or preferably 
a mixture of tar and bitumen, or, even better still, a coating of bitumen 
properly prepared, will give it quite a permanent and lasting surfaoe. 
It is very difficult to paint a road surface with a thiok native bitumen 
even in a hot state, because it does not adhere to the surfaoe; it will in 
most oases peel off ; the impalpable powder on the surface prevents the 
adhesion whioh is necessary. 

Mechanical Mixers of Coated Material. —The mixers generally avail¬ 
able are for mixing even-sized stone ; they are not capable of mixing the 
fine material which is frequently neoessary in some of the compositions 
that latterly are becoming recognised as neoessary to the Structure. 
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The majority have been merely adapted from conorete mixers, and are 
not suitable for mixing a heavy liquid Buoh as the tar compositions that 
are being used together with the proportion of fine material that is 
necessary to fill the voids in the macadam. 

The type of mixer should be. of the class that haB a series of blades 
on one arm with another arm fitted with a similar series of blades. Bach 
arm would revolve horizontally in opposite directions, thus thoroughly 
separating and mixing every particle equally. The speed is high, and 
each batch would he perfectly coated and mixed in loss than one minute. 
The advantage of these mixere lies in the fact that not only will the fine 
material be equally ns well coated with a thick bitumen or tar, but the 
machine is equally capable of mixing large material, so that it is prob¬ 
able that the batoh mixers that are sold for mixing of tar macadam 
will go out of use, and the revolving arm type will beoome more in 
demand. 

Cases In which Tar can be used successfully,—The writer is of the 
opinion that tar should only bo used where it can bo removed from the 
effects of the atmospheric conditions. A tar macadam can he made of 
similar composition to the present macadam, with tar made by a 
,c softening baok ” of pitch and anthraoene oil or oreosote oil in the 
proportion of about 75 per cent, and 25 per cent., the stone and fine 
material to be made bone-dry by being heated for some time at a 
temperature of at least 260° F., mixed together in the hot oondition, 
and laid at onon on the road, so that when it is oold it is in a solid but 
just resilient condition. When it has been rolled, the surface Bhould be 
treated (1) by a ooating of bitumen and sprinkled with ohippings, or 
(2) by a surface sheet of varying thiokness of a bituminous composition, 
the loaBt thickness being £ inch, but increasing with the traffic up to 
l£ inches. In this way a tarred baso coat can be used to give a founda¬ 
tion and form part of the structure of the surface, and the tar, being 
hidden away from the atmosphere, should retain the oondition in whioh 
it was originally laid. Any tar macadam whioh is presenting a good 
surface would be immeasurably improved by a ooating of native bitumen, 
the choice of whioh may be gathered from the details whioh are given 
in the next ohapter. The reason for such ooating is, that properly 
seleoted bitumen is not affected to anything like the same degree as tar 
by the weather, and so the use of bitumen will assist the life of the tar 
macadam underneath by removing it from the influence of the 
atmosphere. 

It would be advisable to oonsider, by a series of analyses of traffic 
and forms of tar-maoadam constructions, for what olass of road as 
regards traffic auoh tax macadam can advantageously be used, without 
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breaking up before the material composing the greater part of the 
structure has had the opportunity to wear. 

Satisfactory Sign In a Road. —The most important sign of satisfaction 
on any road surface is the ability of the suxfaoe to beoome dry after a 
rainstorm or in moist weather. If a road surface takes a long time to 
dry out, then one may look forward to disintegration at an early period. 

The advantage of a quickly-drying surface is in the winter, as there 
is less fear of a slippery face due to freezing of the moisture, and also 
less opportunity for the traffio to beat the moisture into the surfaoe 
material. 

Asphalt ’disposes of the water most rapidly; new wood paving is 
somewhat behind asphalt in this respect, and old wood paving is still 
slower. New tar macadam is fairly rapid in disposing of the moisture, 
but in course of a little time there are dark patohes where the traffio 
concentrates, which takes a considerable period to disappear. Ordinary 
maoadam is, of course, the longest of any of them. 

Nomenclature of Tars and Bitumen, etc.— The Engineering Standards 
Committee in April 1916 published the report on “ British Standard 
Nomenclature of Tars, Pitches, Bitumens, and Asphalts when used for 
Road Purposes, and British Standards Specifications for Tar and Pitoh 
for Road Purposes.” 

1. Tar. —Tar is the matter (freed from water) oondensed from the 
volatile produots of the destructive distillation of hydrocarbon matter, 
whether this be contained in ooal, wood, peat, oil, etc. 

2. Prefix denoting Source of Origin or Method of Production. —A 
prefix such as ooal, wood, peat, gasworks, blast furnace, coke oven, eto., 
must be added to the word “ tar ” to indicate the source of origin or 
method of production. 

3. Definition of Pitch. —Pitoh is the solid or semi-solid residue from 
the partial evaporation of tar. 

4. Definition of Bitumen. —Bitumen is a generic term for a group 
of hydrocarbon products soluble in oaTbon disulphide which either 
occur in nature or are obtained by the evaporating asphaltic oils. The 
term shall not include residues from paraffin oils or ooal-tar produots. 
The commercial materials may be described as bitumen if they oontain 
not less than 98 per oent. of pure bitumen as defined above. 

6. Definition of Native Bitumen. —Native bitumen is bitumen found 
in nature carrying m suspension a variable proportion of mineral matter. 
The term “ native bitumen ” shall not be applied to the residuals from 
the distillation of asphaltio oils. 

6. Definition of Asphalt. —Asphalt is a road material consisting of a 
mixture of bitumen and finely graded mineral matter. T he mineral 
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matter may range from an impalpable powder up to material of such a 
size as will pass through a sieve having square holes of £ inch size. 

7. Definition of Native or Rock Asphalt .—Native or rock asphalt is a 
rook which has been impregnated by nature with bitumen. 

8. Prefixes denoting Source of Origin .—The Committee recommend 
that, for convenience of identification, prefixes denoting geographically 
the source of origin should be attaohed to each of the four terms defined 
above. 
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Petrolenes and Asphaltenes. —The solubility and insolubility in 
petroleum naphtha is of some importance. The soluble component is 
olassed as petrolenes, the insoluble component as asphaltenes. One is 
a liquid and the other solid. The petrolenes play an important part in 
road-structure requirements. The asphaltenes have no binding pro¬ 
perties, but when in solution or mixed with petrolenes it is the 
asphaltenes that give the petrolenes their binding properties and add 
stability. 

If the petrolenes are of a sticky nature and not oily, the bitumen 
will act as a good cement, whereas the oily variety has not the neoessary 
adhesive characteristics. 

Many of the petroleum residues whioh are classed as bitumens have 
the petrolenes of the oily kind, and although they may bo in ample 
percentages, they do not provide the proper values whioh are neoessary 
in road structures. 

Asphaltic oils from Trinidad, California, and Mexioo are of a stioky 
or oementitious character, and the proportion of asphaltenes is about 
£ to of the petrolenes, hence they are likely to be made into useful 
asphalt cements suitable for road-constructional work in what are known 
as bituminous pavements. 

Tests.—Tests should therefore be made to determine the specifio 
gravity of the material, its solubility in petroleum naphtha, the amount 
of paraffin scale it oontams, its ductility, the percentage of asphaltenes, 
its consistency as denoted by a penetrometer, its viscosity whioh is 
determined by the rate at whioh the material will flow at a definite 
temperature in a given period of time, and its volatility when exposed 
for a given length of time at a specified temperature. 

No Definite Standard.—Although no definite standard has been 
arrived at, it has been customary to make the comparison with the 
analysis of Trinidad Lake bitumen, which seems to have provided such 
satisfactory results that the engineer will not go far wrong if the char¬ 
acteristics closely approximate to those exhibited by this material. 

In the future it will probably be determined exactly how far varia¬ 
tions may be allowed in the bitumens to be used in this class of work. 
Some attempts have already been made, and it has been suggested that 
these should not be less than 15 per oent. of asphaltenes, and that any 
less than 70 per cent, of petrolenes indicates an insufficiently adhesive 
material, and these petrolenes must be of the sticky variety. 

Nature of Bituminous Material. —It is not the purpose here to enter 
into a close study as to the nature of bitumens or to what olass of hydro¬ 
carbons they belong. Information on these points can easily be obtained 
from the various treatises that have been published by expert chemists. 



BITUMEN. 


127 


But it is necessary to indicate the tests which are aocepted as being of 
value to those who propose to use bitumen in road-constructional works. 

Even with a bitumen that satisfies these tests, it does not follow 
that the material will prove satisfactory ; the best bitumen in existence 
oan be rendered valueless by oarelessness or by an indifferent knowledge 
of how to use it 

Fluxing Oils. —From the previous chapter, the analyses of tar show that 
there are substances in the tar which are attaoked by water and aro highly 
volatilisable at low temperatures, and it is difficult to flux a tar-pitoh 
with other oils than those which have been distilled over, in which there 
would be about 30 to 40 per cent, of material whioh has great affinity 
for moisture and forms into a solid at a temperature of about 50° F. 

In the treatment of solid bitumens there are two classes of oils suit¬ 
able for fluxing. These oils, unless oarefully examined, may contain 
deleterious matter, light oils, paraffin soale, oraoked products or un¬ 
saturated hydrocarbons, whioh are easily carbomsed on heating 

Test of Volatilisable Products. —The bitumens should also have 
eliminated from them any volatilisable produots, and this might be 
regarded as one of the tests—that a seven-hour test at 325° F. should 
not give a loss of more than 3 per oent., or at 400° F. 6 per cent. It is 
desirable that this high temperature should be taken, as it is the usual 
heat for seouring a free-flowing liquid for mixing purposes, and any 
serious loss of oils would naturally unfavourably affect the mixture. 

Defects in Tar and Asphalt Pavements. —The defeots which are found 
in tar pavements are to be found in some asphalt pavements, but they 
take longer to develop ; an asphalt pavement must not develop cracks, 
disintegrate, or scale or shell off, and should not become too wavy. 
These defeots are caused by a variety of factors. Cracks can, of oourse, 
be the result of an indifferent foundation or base, the use of an unsuit¬ 
able bitumen, or the use of an unsuitable fluxing oil in a suitable bitumen. 
Disintegration oan be caused by an unsuitable bitumen, one that is too 
hard in oold weather, a lack of quantity of bitumen, or an indifferent 
choioe of material forming the aggregate. Scaling may be caused by 
the inclusion of light oils in the fluxing of the bitumen or in the bitumen 
itself, and by too severe a compression while being laid. Waviness will 
be oaused by the excess of bitumen, or a bitumen that softens too freely 
in warm weather. 

Tests for Bitumen. —It is therefore neoessary that in any bituminous 
pavement great care should be exeroised to see that a stable bitumen 
is used which responds to tests set forth in the following notes, and 
whioh will in some measure be dependent on the aggregate and fine 
material that is used. 



5 


MODERN ROAD CONSTRUCTION. 


No bitumen that contains paraffin oan be termed an aBpbaltio 
imen, and it will prove to be the case that the residual oils from this 
roe will not have much suooess in road construction, as they are too 
rt and have a tendenoy to emulsify with moisture. 

Coal is a pyro-bitumen, i.e. it has to be subjected to destructive 
dilation before the produots are soluble in any of the reagentB for 
imen, suoh as carbon disulphide, eto. The produot tar is, however, 
reotly and properly termed a bitumen. 

Mr Clifford Riohardson, in his work on The Modern Asphalt Pave- 
nt., lays it down as a guiding rule that an asphaltio bituminous 
terial intended to be used as a binding agent in road-paving con- 
notionB shall have a melting-point near to that of boiling water, shall 
equally soluble in oarbon disulphide and carbon totraohlorido, and also 
irgo proportion of the bitumen shall be soluble in 88° naphtha. The 
irooarbons soluble in 88° naphtha shall also consist to a considerable 
jree of saturated hydiooarbons yielding about 16 per oent. of fixed 
bon and a high percentage of sulphur. 

The conditions laid down here are being aooepted in various parts 
the United States, and would seem to give results which aro satis- 
tory; but they must, like all othor tests, only bo considered as arbitrary 
til further experience has definitely mado them or others empirical, 
e first of these conditions is important, beoauso if the melting-point 
high, it shows greater difficulty in dealing with it from a commercial 
mt of view, and when used in a road there might be conceivably a 
b easy task in the repair, or even in the laying down, of the material 
the first instanoe. It would also indioate hardness, shortness, and 
n-duotility, and in cold weather would probably make a slippery 
vement. It may be taken for granted, also, that the percentage of 
ed carbon will be high. 

A selection of bitumens have been taken, and a comparison will 
3w their differences :— 


Bermudez 

. Flowing-point 170° 

Cuban Bejucal 

■ • „ „ 240° 

Maracaibo 

. 210° 

Trinidad Lake 

. ■ „ „ 190° 

percentage of fixed oarbon in those bitumens is :— 

Bermudez 

. Fixed oarbon 14 per oent. 

Cuban Bejuoal 

• >> >i 25 ,, 

Maraoaibo 

1R 

• 99 99 AO 9 ) 

Trinidad Lake 

11 

• 99 99 99 
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From these figures, Bermudez and Trinidad Lake bitumen fulfil the 
requirements laid down, and in this respect should prove more valuable 
than Cuban or Maraoaibo. 

The crude bitumen as it oomes from the earth has extraneous matter 
in its composition, such as moisture, vegetable refuse, eto. These must 
be removed by a process of heating before it is marketable, and it is 
in this refined condition that the examination is being considered. The 
solid bitumens that are used in paving work as they are refined are not 
of the right oonsistonoy, but have to be fluxed with lighter oils, and the 
ease with whioh this can bo done, and the less the quantity required, 
will also be an important item. Therefore the softness of the bitumen 
may be considered to be a faotor, although not one on whioh too muoh 
emphasis must be laid. 0 denotes hardness, and the inoreaso in the 
numeral denotes a greater degree of softness :— 

Softness. 

Bermudez is represented by . . .22 

Cuban Bejuoal „ „ ... 0 

Maraoaibo „ „ . 20 

Trinidad Lake „ ,, . . .7. 

This test for softness is not very satisfactory as a guide, beoause it 
must bo evident that the presence, for example, of the exceedingly fine 
mineral matter in Trinidad Lake bitumen will have the effeot of harden¬ 
ing the bitumen by penetrometer tests. If, however, the mineral matter 
was removed from the orude or epwS bitumen, the softness would be 
represented by a muoh higher figure. 

The amount of bitumen soluble in carbon disulphide is :— 



Bitumen, soluble m 

Carbon Disulphide. 

Bermudez . 

. . 96 per oent. 

Cuban Bejucal . 

• • 75 

Maraoaibo . 

. 96-8 

Trinidad Lake . 

. 56-5 


From a comparison of these two sots of figures, one would oonolude 
that Bermudez and Maraoaibo gave bettor results than the others, and 
that the softness is dependent on the percentage of bitumen ; the latter 
would, however, be a misleading conclusion, as will be seen by com¬ 
paring the “ softness ” of grahamite on page 132, whioh is soluble in 
carbon disulphide to the extent of 98 per oent. Incidentally it shows 
that the bitumenB in grahamite and Cuban Bejuoal are different in 
composition from the remaining three under consideration. With 
regard to the former oonolusion, we have to take another condition, 1 e. 

9 
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that the bitumen bo equally soluble in carbon tetrachloride. The analyses 
show :— 

Bitumen soluble in Carbon 
Tetrachloride. 

Bermudez . . .95 per cent = — 1 

Cuban Bejuoal . . 76-7 „ = + 1-7 

Maraoaibo . 79 3 ,, = — 17-5 

Trinidad Lake . . 57-8 „ = + 1-3 

From which wo may gather that Maracaibo bitumen has been subjected 
to abnormal oonditions and may prove erratic in any road-paving work. 

The percentage of saturated hydrocarbons is a criterion of the Btablo 
oharaoter of bitumen, and is found by treating the bitumen with 88° 
naphtha and treating the solution with hydrosulpliurio aoid, the one 
giving the “ petrolenes ” oontents and the other tho “ asphaltenes ” 
oontents. 

Soluble in 
88° Naphtha. 

Bermudez.71-9 per cent. 

Cuban Bejucal . . . 13-1 „ 

Maraoaibo .47-2 ,, 

Trinidad Lake . . 62 „ 

Here again Bermudez and Trinidad Lake only oomo within the 
oonditions, although Maraoaibo aho shows a good percentage of saturated 
hydrocarbons, whioh is an indication of the stability of the material. 

Saturated 

Hydrocarbons. 

Bermudez . . . .24 per cent. 

Cuban Bejuoal . . . 17 ,, 

Maraoaibo . . . .26 „ 

Trinidad Lake .24 „ 

Critically examining the whole of the analyses on pages 128 to 130, 
Bermudez and Trinidad Lake bitumens fulfil the oonditions satis¬ 
factorily. Maraoaibo and Cuban Bejuoal would probably prove erratic, 
and the latter difficult to work on aooount of its hardness and high 
melting-point. 

The amount of mineral matter in the bitumens will play a very im¬ 
portant part in the selection of a bitumen. Tho analyses give :— 

Mineral Matter. 

Bermudez . . . .2-5 per oent. 

Cuban Bejuoal . . .21-0 ,, 

Maraoaibo . . . .1-4 „ 

Trinidad Lake . 38-0 ., 



BITUMEN. 


131 

The amount in JBormudez and Maracaibo is so small that it may 
be ignored. But m Cuban Bojucal and Trinidad Lake it is of import¬ 
ance, and must be oarefully examined. The mineral matter 111 Cuban 
Bejuoal is of comparatively large size, very fine grit, or of a much larger 
size than in the Trinidad Lake, and the disadvantage is that in heating 
to a high temperature for fluxing purposes, this gnt can only with the 
greatest difficulty be kept in its plaoo, the Bpeoific gravity of the mineral 
matter (silica) being much higher than that of the bitumen. 

The mineral matter in Trinidad Lake bitumen is of an exceedingly 
fine oharaoter, in bo muoh that 

90 per cent, will pass a 200 mosh. 

8 „ „ ,, 100 „ 

2 „ „ ,, 80 „ 

A better idea of the fineness will be obtained from the faot that a 
proportion of the mineral matter will pass through the filter paper when 
the bitumen is dissolved in oarbon disulphide, so that it beoom.es diffi¬ 
cult to analyse the actual quantity in the maBS. It is found by examina¬ 
tion that the mineral matter is quartz, clay, and residue of the salts 
from the mineral water originally emulsified with the orude bitumen. It 
is intimately mixed with the bitumen, so that if at any time an analysis 
is taken of this bitumen wherever it had been used, it would be found 
to oontain the same proportions, and it thus beoomes a distinguishing 
feature of considerable value. It is therefore the most perfeot form of 
filler, i.e. it forms a medium for using the bitumen to its greatest advan¬ 
tage—whereas in other purer bitumens this advantage has to be gained 
by artificial means whioh are difficult to obtain effectively. Further 
notes on this oharateristio are given on pages 145 to 148. 

Trinidad Lake bitumen oan, therefore, bo handled with less oare, 
comparatively, than othor bitumens, and with greater oertainty in ro- 
gard to the results, whioh is of some advantage to the road engineer. 

Apart from these analyses, Bermudez bitumen is somewhat variable 
in composition, as it contains more light oils (9-5 per cent, loss at 400° F. 
in seven hours), and would therefore harden more rapidly. It has only 
been used experimentally in this oountry, but it has been used suooess- 
fully in the United States. 

Maraoaibo has not been used at all in England. 

Cuban Bejuoal, so far as the writer is aware, has also not been used 
here, but a Cuban bitumen has reoently been put on the market, and 
trial lengths have been laid. Time will prove whether it is likely to 
withstand suooessfully the olimatio and traffic conditions that prevail. 

Trinidad Lake bitumen has been suooessfully used in roadway oon- 
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struotion during the past fifteen years, and although, the results were in 
its early Btages of use not very encouraging, its success has been un¬ 
doubtedly due to a full and complete knowledge of its qualities, 
to the proper fluxing of the bitumen, and to the care that is exeroised 
in the quantities and disposition in the aggregate with whioh it 
is mixed. 

Non-asphaltic Bitumens.—There are also other nativo bitumens than 
those whioh have been enumerated, but which are not asphaltic, as will 
bo gathered from an examination of the analyses whioh follow. Some 
of them have been tried in pavements, but have not proved consistently 
suooessful. 

Qrahamite — 

Softness, 0°. 

Bitumen soluble in CS a . 98 per oent. 

„ ,, naphtha 88° . -4 to 3-37 ,, 

„ insoluble in CC1 4 , . 68-7 to 65 „ 

Fixed oarbon. 53 to 41 „ 

A very hard bitumen whioh has passed through high temperature. 

Egyptian Qlanoe Pitoh — 

Softness, 0°. 


Bitumen soluble in CS a 

. 99-7 per oent. 

„ „ naphtha 

• 23-6 „ 

„ insoluble in CC1 4 . 

• o-i „ 

Fixed oarbon 

15 

Saturated hydrooarbons . 

• 6-6 „ 

Melting-point ... 

. 250° F. 

Barbadoes Manjak — 


Softness, 0°. 


Bitumen soluble in CS a 

. 99-2 per oent. 

„ „ naphtha 88° 

. 27-0 „ 

„ insoluble in CC1 4 

. 1-2 „ 

Fixed oarbon. 

• 25 

Saturated hydrooarbons . 

• 6-7 „ 

Melting-point . 

. 230°F. 


Both these bitumens are very hard, having high melting-points. The 
amount soluble in the naphtha and the amount of saturated hydro¬ 
carbons are very low. The manjak has been through a severer tem¬ 
perature than the glanoe pitoh. 
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It must be emphasised, however, that as the tests are arbitrary, it 
is quite possiblo that with a combination of suitable asphaltic mediums 
these bitumens might be made into useful binding agents for road con¬ 
struction, but considerable skill and expert knowledge would be required 
to bring them to this state, as has been the case with the bitumens that 
are now suooessful, and that have already been mentioned. 

Residual Oils. —During the recent enthusiasm for oil for power and 
light purposes there has been a desire to bring into use the residual 
oils and pitohes. 

Petroleum in its orudo state oontains both heavy and light 
oilB, the latter being removed by distillation or separation from the 
heavier oils, and if the distillation is taken far enough the residue is 
a solid bitumen, the procedure being somewhat similar to the treat¬ 
ment of crude tar, when pitoh beoomes the residue; and the residual 
bitumen so formed may have no greater value than the pitoh, as it de¬ 
pends largely on the manner in which the oil has been treated. The 
pitoh from coal tar oan bo easily decomposed; so also the residual 
pitoh oan be oraoked or decomposed. The residuals are sometimes 
used as fluxes for the bitumens, but the most oaroful and exhaustive 
examination has to be made before they can be satisfactorily UBcd. 
It is at the refiners’, as at the gasworks, that the lighter material finds 
a ready market, and the bitumen is a secondary consideration The 
prooess of refining continually has this objeot in view, and this has been 
exemplified in two oases at least in a period of six months, as material 
has been submitted to the writer, and subsequent samples from the 
same souroe distinctly differed from the original both in consistency 
and component parts. Therefore the analyses that are given below 
are not necessarily the analyses of tho residuals from the same source 
to-day. 

Residual Pitoh , Texas Petroleum (1907)— 

Softness, 18°. 

Flowing-point.104° F. 

Bitumen soluble in CS a .... 98-2 per oent. 

„ ,, naphtha 88° . . 69*6 „ 

Saturated hydrooarbons .... 65*0 • „ 

Insoluble in CC1 4 i U-6 ,, 

Fixed oarbon .19-5 „ 

The above figures indioate that the oil has undergone severe treat¬ 
ment, the amount insoluble in CC1 4 , and the amount of fixed oarbon, 
being both high. 
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Baku Pitch — 


Softness, 10 c 


Flowing-point 


150° F. 

Bitumen soluble in CS a 


91-6 per cent. 

„ ,, naphtha 88° 

54-6 „ 

Saturated hydrocarbons 


33-3 „ 

Insoluble in CC1 4 


10-4 „ 

Fixed carbon 


26-8 „ 

ano Pitch, Mexico, is in various grades— 


Softness varies between 

62 and 7. 


Flowing-point 

163° and 278 c 

5 F. 

Bitumen soluble in CS a 

99-4 per oent. and 95'8 per cent. 

„ „ naphtha 

69 

to 48-1 

„ insoluble in CC1 4 . 

•4 „ 

„ 19-7 „ 

Saturated hydrocarbons 

7 

4 

99 * 99 

Fixed oarbon 

19-2 „ 

„ 30-5 „ 


The fact that there is in the Ebano asphalt a small proportion of satu 
rated hydrocarbons would give the impression that the material is not o 
a particularly stable character, and that considerable care would have tc 
be ezeroised in using it. There is also a small proportion of paraffin scale 
Mexphalte.—This is a proprietary name given to a bitumen whiol 
is an oil residual and has been standardised. Tho analysis is supplicc 
as follows :— 


Flowing-point 
Fixed carbon 

Softness .... 
Soluble in carbon bisulphide 
,, oarbon tetraohloride 
,, 88° naphtha 

Percentage of mineral matter 


176° F. 


18 per cent. 

40 to 50, av. 45 
99 - 9 per cent. 


99 9 
68 
0-05 


99 

99 

99 


Asteophalte. —This is also the proprietary name given to a bitumei 
whioh may equally be termed an oil residual; the analysis is suppliec 
as follows :— 


Speoifio gravity .... 
Flowing-point of bitumen . 

Softness. 

Solubility in oarbon bisulphide . 
,, carbon tetraohloride 
„ naphtha 88° 
Percentage of mineral matter 


1-053 
135° F. 
40 to 60 


99 2 per oent. 


99-2 

70 


99 

99 


0-8 


99 
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Those two bitumens, as will bo seen from the comparison of their 
analyses with those of the standard, appear to have the elements required 
in, a bitumen that is to be useful in road structure. 

It has been stated for what it is worth that they are from the same 
souroc as Trinidad Lake bitumen and Californian bitumon, beoause the 
three are obtained from souroes whioh are in a direot line geographically. 

The tost whioh muBt be the determining factor is the manner in whioh 
the various bitumens submit to heavy and concentrated traffic on the 
road itself. 

On many occasions opinions have been expressed whioh amount 
to a condemnation of a bitumen beoause the road in whioh it has been 
used has failed to sustain the traffio satisfactorily, whereas it has been 
the case that the road has failed beoause the grading of the material 
was at fault. The bitumen may be perfect, but there may be contributory 
faults; eg. it may have been softened too muoh, or it may have been 
used in a too hard oondition, some will and have failed because the 
filler dust has not been sufficient, and in other oases where it has been 
suffioient but not mixed with the bitumen in a manner that spreads it 
through the bitumen or has not been properly intermingled or covered 
with the bitumon. Those aTe all oauses whioh should be olosely 
examined. 

In many pamphlets that are issued by firms in the asphalt industry 
there are terms used whioh may mislead or cause some difficulty in 
understanding how to make a comparison. The bitumen is sometimes 
oalled “ asphalt cement,” in other cases it is referred to as “ refined 
asphalt ” or “ prepared bitumen ” or “ bitumen.” All these terms 
refer to the same class of material for the same work. 

If the term is “ asphalt oement ” or “ refined asphalt ” or “ refined 
bitumen,” they are so called beoause the bitumon is ready for use in 
the paving mixture without any flux, as in the case of mexphalte and 
asteophalte. Generally these have a softening point between 40 
and BO, as sot out in the analysis and reoommended by the firms. 

“ Asphalt oement ” in the oase of Trinidad Lake bitumen is the 
prepared and fluxed bitumen ready for use in a paving mixture, and 
similarly has a softening point at about the same figure as suggested 
above. 

But in this oase there is in the bitumen about 25 per cent, of mineral 
matter, so that the softness of this bitumen if the mineral matter had 
been eliminated would be muoh greater, just as the softness of the other 
bitumens would be less if 26 per oent. of fine mineral matter had been 
added to them. 

“ Befined asphalt ” in the oase of Trinidad Lake bitumen is known 



MODERN ROAD CONSTRUCTION. 


I36 

as epurS, and in tins state is not neoessarily in a oondition which, may 
be used direct with an aggregate to form a paving mixture. 

The softness of the bitumen by penetrometer is a very important 
faotor in the paving mixture. For light-traffioked roads it may be 
softer than where the roads are heavily trafficked. In those districts 
whioh are subject to high summer temperatures, the softness may bo 
reduoed with advantage—in other areas the softness may be increased ; 
this is the reason for the degree of penetration being within a certain 
range. 

Oil residuals may be regarded in muoh the same manner as pitoh 
from ooal tar; they are subjeot to the requirements of the refiners, 
they are waste produots, and while there are perhaps greater possi¬ 
bilities if subjected to moderate treatment, oare should be oxeroised that 
they oonform to a fixed standard, otherwise they should be treated 
with suspicion. The probabilities are that the road made from ooal- 
tar pitoh would serve equally as well as the road made from these residual 
oils, and the advantage in the tar-made road would be its muoh less 
cost. With the scientific methods that are now being employed in the 
selection of bitumens for road purposes, there can be little doubt but 
that in the future there will be brought into use a residual bitumen 
that will be able to oompete fully with the native bitumens. 

Fluxes.—It has been stated in an earlier paragraph that the solid 
native bitumens in their refined state are not in a proper oonsistenoy 
to be used in road construction. This oonsistenoy depends on the 
atmospheric conditions that are general in the district in whioh it is 
to be used. A softer bitumen would be suited to a oold ohmate and 
a harder oonsistenoy to a hot olimate. Similarly, the material that 
is to be treated will give better results with one oonsistenoy than another 
class of material with the same mixture. To flux the bitumen, there¬ 
fore, requires knowledge of the oapaoity of the material to be used, and 
the atmospheric conditions prevailing. 

The fluxes are of a heavy asphaltio nature or of a paraffin base. 
They are difficult to obtain of a regular and consistent oharaoter, for 
the reasons that have been given above. If a heavy asphaltio flux is 
used, muoh more is required than if the lighter is employed. Obviously, 
if a very large proportion of either has to be added, the flux beoomes 
the medium, and the real asphaltio material takes a secondary plaoe. 
The heavier the flux, also, the harder does it beoome in oold weather. 
For this reason the lighter paraffin fluxes, which give a softer bitumen 
in oold weather, are used. As less quantity is required, and as a rule 
it is the more expensive material of the two, it is oommeroially the most 
eoonomioal. The oil that is used depends largely on the characteristics 
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of the bitumen, and no empirioal oonditions can be made that would 
suit all bitumens. The amount of the oil is, of oourse, dependent on 
the consistency required, but it would not be regarded as a good sign 
if the bitumen required more than 25 to 30 per cent, of the oil to bring 
it to a soft or pliable condition. The flux may in itself be unsuitable, 
or the bitumen may have a high melting-point. The oil that is sought 
for in those classes of bitumens that come within the oonditionB before 
mentioned will have a speoifio gravity between 0 92 and 0-94 The loss 
on heating for seven hours at 325° F. must not exoeed 5 per oent. It 
should bo soluble in 88° naphtha to an extent of 96 per oent. There 
must not be more than 10 per cent, left when testing for paraffin soale, 
and not more than 6 per cent, fixed carbon. 

Penetration or Viscosity. —In order to judge whether the oonsistenoy 
of a mixture is precisely the same as that of a sample, the prepared 
bitumen is poured into a fairly deep tin and allowed to cool to a tem¬ 
perature of 60° or 78° F., and is then submitted to a penetration teBt, 
which is performed by what is known as a ■penetrometer . 

Penetration Machines. —There are various maohmes which are used 
for the purpose—one is known as the Bowen penetrometer, another as 
the Dow penetrometer, and yet another as the New York testing pene¬ 
trometer. Each of these maobines 0 onsists of a needle, properly weighted, 
whioh is attaohed to a dial. The needle is brought to the surfaoe of 
the bitumen, whioh has been maintained for some time in hot water 
at the desired temperature. It is then released by means of a spring 
for a period of 1 or 2 seoonds, generally 1 seoond, and the reading of the 
penetration is taken from the dial. The Dow and the New York testing 
laboratory machines practically register the same number of degrees. 
The Bowen machine registers about 20° higher than the two other 
machines. 

The penetrometer is useful in detecting the amount of surfaoe 
hardening or oxidation or volatilisation of light oils, or hardening due 
to moleoular condensation. 

A tin of the prepared bitumen is tested for oonsistenoy by the penetro¬ 
meter at 77° F. It is then exposed to the air in a position whioh will 
ensure it being free from dust. After one, two, and three months’ 
intervals, the penetration is takon again and the difference will indioate 
the degree of hardening that has taken plaoe in that time. The skin 
should be peeled off and a new surfaoe exposed; the penetration of the 
interior should be similar to that taken originally. 

A sample of ooal tar, pitch, and oil (Road Board’s speoifioation) 
was made so that it had a penetration of 8 mm. at 80° F.; a 
similar sample of Trinidad Lake bitumen was made with the same 
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it the same temperature, the weight on the needle being 
he penetration was made by means of a machine designed 
, so delicately poised that it will distinctly register scinch 
le weights on the needle can be varied at the will of the 



The Standard Penetrometer. 1 

m air ft a test. The tar or bitumen to be tested is plaoed in a small 
jhe needle, so that it just touohes the surface, the pneumatic ball is 
d the weighted needle is released for J second, 1 sooond, or 2 seoonds 
the died will then register the depth of the penetration of the liquid, 
etermine its density or consistency. The test being made at a used 
e, it can thus be readily determined whether the tar or bitumen is of 
insistenoy as a previous sample. 

l order to test the two samples comparatively, 4-ounce, 
1-ounoe weights were employed. The results show that 

tiers, B. J. Hall & Oo., mathematical instrument makers, 25 Victoria 

SW. 
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the pitch and oil mixture differs from the bitumen in a very ourious 
manner ; the penetration at 80° with a 4-ounco weight was the same 
in both cases, but with the 2 -ounce weight the penetration was 16 per 
cent less in the tar composition than in the bitumen, and with the 1 - 
ounce weight was 60 per oent. less. This would indioate that the surfaoe 
of the tar was harder than the tar immediately beneath the surfaoe, 
while the bitumen had no surface coat This is also shown by the 
distanoe betwocn the lines of penetration, the 2 -ounce line being nearer 
to the 4-ounce than it was to the 1-ounoe line, whereas in the bitumen 
the lines were practioally equally distant. When the lines were examined 
at temperatures below 80° they receded still further, whereas m the 
bitumen the procedure shows the relation one might expect with an 
even composition, i.e. the lighter the weight the less penetration (pro¬ 
portional) at high temperatures. At 60° F. the penetration of the tar 
oomposition was the same as that of the bitumen at about 40° F. 

These tests were made soveral times in order to thoroughly test 
their accuracy. At 110° F. tho penetration of the tar could not be 
measured, as it was in a freely-flowing condition. The bitumen could, 
however, show a test both with the 2 -ounoe weight and the 1 -ounoe 
the 4-ounoe was too large to measure. The 4-ounoe penetrated 24 
mm. at 100 ° F., the 2-ounoe at 110° measured 19 mm., and the 
1-ounco measured 13-6 mm., so that the bitumen would not flow at 
a temperature of 110 ° F., but would easily bo squeezed out of shape 
at that temperature 

A tost of bitumen had in one case shown— 


0-2 mm. penetration at 40° F. 

0-5 „ 

n 

„ 50° F. 

3-0 „ 

39 

„ 70 ° F. 

4-5 „ 


„ 80° F. 

7-0 „ 

>> 

„ 90° F. 

12 0 „ 

3) 

„ 100° F. 

But all tests depend on the fluxing oil that is used 


amount—a heavy oil giving a higher penetration at higher temporaturo, 
and no penetration at 40°. One would therefore conclude that the 
lighter oil would be more acceptable in atmospheres similar to that 
of the British Isles. 

From these figures we may naturally infer that bitumen expands 
and oontractB when heat is taken from it or when its temperature is 
increased. From a test taken by the author, the expansion is regular 
between 32° F and 212° F., and amounts to one five-hundredth of its 
bulk for every 10° increase in temperature. This expansion and con- 
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traction will j»luy an important. pari, in the life of the structure in which 
it is used, anil thin will 1 h> indicated in another and later page of this 
volume. 

It. is not. a had aign that the pavement should he hi iff, in the Hummer, 
but rather a Higu that the nature that has been nought after in Htill re¬ 
tained in the pavement. A hard and unyielding pavement in the summer 
would give the impression of Iohh of life and subsequent disintegration, 
us it would probably be ullected adversely by the continual pounding 
of horses’ feet and the shearing forces id the vehicular trailic. A 
very high penetration in hot weather and low penetration, if any, in 
cold weather would prove inconvenient in the summer and wear badly 
in the winter. A mean must he secured that would he particularly 
applicable to the work to he done. 

The diflic.ulties that are met with in analysing various bitumens 
when fluxed will be apparent from the following table :— 

Table XXII. 


Hi tu moil. 


Bitumen 
mil. in 
CN,. 

Mineral 

Matter, 

JAximI 

CailHin. 

Bituimm 
d.il. in 
Naphtha. 

Trinidad Lake , 

23-5 00 

UO'l 

20-2 

H‘8 

47-2 

Cuban Hojucal. 

60*0 00 

70-0 

23'S 

1M 

S0*7 

Bermudez 

14'U 00 

00*6 

20 

124 

71-0 

Trinidad I,ako . 

7 

00‘fl 

im-ft 

1()'H 

ys-o 

Cuban Bojuual. 

.. 0 

7fi‘0 

214 

2 fell 

224 

Bermudez 

20 

llll'O 

2-0 

14-0 

011-1 


Thus, from a limited analysis with a suitable Hux, Cuban Hejueal 
can bo made to appear similar to Trinidad Luke. By taking the analysis 
further, however, the melting-point would at cmeo indicate a difference, 
and the cI&hh of mineral matter in the bitumen would equally distinguish 
the on© from the other. The ponrtratiun at vuriouH temperatures will 
also be a distinguishing feuturo. 

Natural and Oil Asphalts.—In a paper, however, written by Mr E. 0. 
Pailler, Department of Public Works, borough of Manhattan, N.Y. 
City, published by the Journal of Industrial and Engineering Chemistry 
in April 1914, the differentiation of natural and oil asphalts is 
discussed. 

He takes four examples, showing the average, minimum, and maxi¬ 
mum amounts found:— 
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Table XXIII. 


Fixed Carbon. Mineral Matter. 


Bitumen. 



Average. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Average. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Trinidad 

10 20 

10 00 

0-80 

30-00 

38 00 

30-00 

Bermudez 

12-00 

13-60 

12 60 

4-00 

5-00 

3-00 

California 

14 60 

10-00 

13-80 

0 16 

0 20 

Trace 

Manoan 

16-60 

18-00 

13-60 

0-20 

0-30 

99 


The sulphur contents were as follows :— 


Trinidad 
Bermudez . 
California . 
Mexican 


. 4.-3B 
. 5 to 6 
less than 2-00 
. 4*00 


whioh indicates that from the sulphur tost it would be difficult to d 
tinguish them. 

He therefore took into consideration a statement mado by I. Maror 
son that in all natural asphalts there are present a number of organ 
aoids or aoid salts, which on distilling are collected in the first few o. 
of the distillate, and this disillate also contains a certain amount 
saponifiable oils. 

Thirty grms. of bitumen are plaood in a retort and heated uni 
it melts ; the flame is raised until the first drop distils, and so ad]ust< 
that one drop in two seconds is collected. The distillate is collected 
the weighing tubes in 5 o.o. portions and kept separate. After weighii 
the tubes with the oil, eaoh of the distillates is dissolved in 10 c.c. portioi 
of ether. The ethereal solution is then washed with water in a separator 
funnel until free from mineral aoids whioh may be present, transfers 
to the Erlenmeyer flask diluted with 75 o.o. neutral aloohol; 5 o.c. of tl 
alkaline blue solution are added and titrated until the red colour chang 
to blue. The acid number is expressed in milligrams of KOH used i 
neutralise the aoid in 1 grm. of oil distillate. Table XXIV. shows tl 
results :— 
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Table XXIV. 


Brand of Asphalt. 


1. Pure Trinidad 

2 . „ 

3. „ Bormudoz 

4. „ i) * 

5. „ California 

6 . 

7. Maltha dux .... 

8 . n h ... 

0. Bormudoz maltha . 

10. Moxioon .... 

11 . „ ... 

12. Bormudoz+California . 

13. „ -j-Mexioon 

14. „ -j- California+maltha 

15. „ -j- Moxioan+maltha 


Aoid Value. 


Distillate 1. 

Distillate 2. 

10-20 

8 40 

15-70 

7-00 

0-80 

3-20 

9 00 

3 60 

0 11 

0-07 

0-10 

0 04 

0 12 

0 20 

0-10 

0-10 

9-80 

2-30 

0-24 

0-05 

0-22 

0 09 

4-90 

1-20 

5-40 

2-00 

5-60 

1-70 

5-15 

1-22 


From which we may say that if the acid value falls below 1, we are 
dealing with an oil asphalt. If we deal with an asphaltic cement which 
will be shown by taking the penetration, ductility and other physical 
tests, we Bhould expeot an acid value of not less than what is given 
under No. 9. If it is lower we oan expect to deal with a mixture. 

Saponification Test.—For the saponification test: 5 grins, of ash¬ 
free bitumen are dissolved in 30 0 . 0 . benzol; this is boiled with 60 o.c. 
N alcoholic KOH under a reflex oondenser. After oooling to room 
temperature 260 0 . 0 . 96 per cent, alcohol are added and the excess of 
alkali titrated baok with 2VH 2 S0 4 , using alkaline blue as an indicator. 
The end reaction is, in Bpite of the dark oolour of the solution, very 
distinct. The flask is now heated again on tho water bath and more aoid 
added if the red colour reappears. This is to be kept up until the oolour 
remains blue. A blank determination is run alongside on the reagents 
used to make allowance for the aotion of the alkali on the glass. 


Bitumen. 

Sapon. No. 

Trinidad . ... 

. 40 

Bermudez. 

. 28 

California . . . . 

. 12 

Mexican. 

. 10-6 

Maltha flux .... 

. 8 

Bermudez and California, 1:1 . 

. 20-6 

Trinidad and California, 1:1 

. 26-0 

Bermudez and Mexican, 1:1 

. 19-7 

Trinidad and Mexioan, 1:1 

. 24-9 
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The above shows very dearly the great difference between natural 
and oil asphalts. 

In conjunction the two tests with other tests will show oonolusively 
the nature of the asphalt and mixture of bitumenB. Further, if the flux 
is known, a mixture of oil and natural asphalts oan be readily reooguisod 
as follows :— 

Table XXY. 



Fixed 

Carbon. 

Mineral 

Matter. 

Add Value. 

1st 2nd. 

Sapon. 

Value 

Conclusion os to Nature 
of Bitumen. 

1 

per oont. 
12-30 

per oent 
4-90 

9-6 

30 

29-8 

Bermudez 

2 

9-95 

36-00 

15 0 

8 1 

36 0 

Trinidad 

3 

15-85 

Trooo 

0-16 

0 08 

11-2 

California 

4 

10-10 

99 

0-12 

0-18 

74 

Maltha, California 

5 

14-00 

2-21 

4-0 

1-2 

19-3 

Bermudez, 1:1. 

0 

14-16 

2-94 

4-7 

0-9 

22-0 

California and Bormudoz,3:7 

7 

16-87 

0-20 

0-24 

0-05 

9-8 

Mexioan 

8 

17-24 

0-22 

0-22 

0-09 

10-7 

99 


Apparent Weakness of Tar and Bitumen.— Having in this and the 
previous chapter dealt with the composition of both tar and bitumen, 
emphasising the apparent weaknesses bo far as one is able to judge with 
present knowledge, it is perhaps desirable to point out that there seems 
to be a possibility that what are to ub to-day thought to be defects, may 
with future knowledge not be defeotB,or even if they are, then by manipu¬ 
lation they may be usefully employed. 

One of the reasons for these remarks is that when the bitumen is 
solved out of the refined Trinidad bitumen it is, when so obtained, in 
bulk a comparatively speaking plastic substance, not brittle, and some¬ 
what similar to other bitumens from a physical point of view that are 
manufactured, or what may be called residual bitumens. 

Colloids. —It has been contended that the satisfaction that Trinidad 
bitumen gives in road structures iB due, naturally, to the bitumen, but 
more particularly to the fact that it contains a considerable quantity of 
exceedingly fine material which are technically called “ colloids.” The 
grading of the mineral matter in this bitumen has already been given 
down to the 200 mesh, but there is a quantity muoh finer than material 
that will pass the 200 mesh ; it is so fine that it passes through the filter 
paper and oan only be obtained by allowing the liquid to stand for about 
forty-eight hours. Even then there iB fine material in the bitumen, and 
this cannot be secured by any of the ordinary methods; but undoubtedly 
it plays an important part in the use of the bitumen for road structures. 

A pound of filler dust has been estimated to oontain 192,715,475,500 
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ielcs, having a surface area of 527,821 square feet, wliilt* a iwniml »d 
tary sand is estimated to contain 120,080,0(35 particles, lowing u 
ice urea of 44,878 square, feet to which the bitumen may adhere, 
ucing a J-incli cube to particles of e.olLoiilal size in estimated tn 
*ase tlie surface area about 100,000 times. Colloids are in such 
ely divided condition that when suspended in a liquid they do not 
e out, but remain suspended indefinitely ; it is stated that under the 
i-mierosenpe there can he seen in active motion in Trinidad bitumen 
ons of particles not mure than 0'0000.'U)87 inch in diameter. 

Surface Energy. This fmo material in the bitumen i « supposed t.u 
({renter surfuee energy, which is illustrated in an example. If tan 
•s of glosH with perfectly fiat surfaces are brought together, it is 
•ult to separate them owing to the surface energy of a film of air or 
d between them. Similarly the fine particles hold the bitumen as 
m about themselves, ami therefore a bitumen which either eontains 
fine material in a natural state or where it is artificially added, will 
0 to have more stability than that of other bitumens not- so provided. 
l further illustration of this effect is observed in the testing of samples 
ituminourt mixtures. If small piccoH of natural asphalt, Trinidad 
alt, and asphalt made from a residual bitumen are submitted to 
mi disulphide, the natural asphalt and Trinidad asphalt will take 
t forty-eight hours to free the bitumen from the sample, but in the 
. example it has been done in about half an hour, 
lzes of Sands, etc. —Mr Clifford Richardson, in a paper on *' The 
ry of the perfeot Sheet-Asphalt Surface," published in the Jmrnal of 
strialand Engineering Chemistry, vol. vii., No. 0, p. 408, dune UI1D, 

. an example of the number of particles and their surface per lb. 
ineral aggregates of the type in use in New York in the ninatios 

Tahi.b XXVI. 


Coarse Hand and Dust. Fine Hand ami 


Par 

No. of 

Hurfann. 

Per 

Nu. of 

Kurfana, 

Cent. 

Fartiolcw, 

Hip ft. 

Cent, 

PartlclcM. 

Hq, ft. 

13 

12,61)2 

0*068 

4 

3,(174 

0*206 

12 

66,186 

1*670 

7 

3H,H(M 

0*021 

10 

167,647 

1*001 

0 

100,790 

1-710 

13 

664,260 

3-603 

11 

(Ml, HOC 

30.13 

27 

6,021,870 

11*470 

26 

4,836,870 

11*064 

10 

4,086,220 

6*627 

16 

0.127,010 

8*09(1 

7 

10,416,700 

6*962 

16 

22,310,400 

12-764 

0 

31,924,300 

6*000 

7 

44,004,000 

9*072 

3 

76,671,400 

6*480 

6 

163,343,000 

12*000 

100 

129,030,066 

44-378 

100 

232,076,324 

00*603 
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Table XXVI.— continued. 




Dust or Filler. 


Size of Partiolos. - 

— 



Millimetres. 

Per Cent. 

No. of Partioles. 

Surfaoo. 
Sq. ft. 

0-08 . 

18-8 

120,036,300 

25,976 

0 05 . 

17-7 

452,300,200 

38 231 

0 02C 

51-3 

10,732,000,000 

220-825 

0-0076 . 

5-0 

30,775,730,000 

58 500 

0 0026 

7-2 

160,034,400,000 

178-199 


100-0 

192,715,476,500 

527-821 

If nil the dust is 0-025 diameter 

20,922,060,000 

442,157 


From which data it appears that the finer aggregate presents a 
surfaoo area of 60*5 square feet to the lb., and the coarser one but 
ii'i, a difference of 32*6 per cent, in favour of the finer material. 
That the greater the increase in area tho finer the material 
grows is demonstrated by the figures given in tho last section of 
the tabic. 

Basis of Perfect Asphalt. —Mr Biohardson suggests that the basis for 
tho construction of a perfect aBphalt surfaoo lies in a consideration of 
tho chemistry of surfaces and films. In a subsequent paper read 
before tho Western Sooioty of Engineers at Ohioago on November 20, 
1916, I 10 went further into thiB matter, and demonstrated the capacity 
of various bitumens to retain colloids, by introducing oolloidal day 
to them. Tho amount may reach with certain oils as muoh as 60 
per cent. 

The native bitumens of a highly visoous nature and the heavy residuals 
derived from asphaltic petroleum possess very different oapaoities for 
maintaining clay in suspension in a colloid state. Oolloidal clay was 
introduced into a number of solid residuals of various types of petroleum 
by tho addition of enough aqueous clay paste to result in a material 
which, after the removal of the water, should consist of 67 per cent, 
bitumen and 33 per cent. clay. TheBo materials were maintained in a 
melted condition at a tomperature of 325° F. in tubes for twenty-four 
hours. The sedimentation which, with the reduction of the visooBity of 
tho continuous phase, wont on for that period appears from the following 
figures :— 
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Table XXVII. 

IW ClMlt. 




Colloidal Matter. 

l’or Cent. 

Smiriio. 

Penetration. 

- --- 

-.--— 

Seilimenta- 



Before 

After 

lion. 



Healing. 

Heating. 


Trinidad romdual 

RO 

33-5 

33-7 

0-00 

llababui ,, 

48 

32-1 

3o-i 

7 00 

Mnxiaan „ 

no 

33-3 

27 2 

18-30 

California ,, 

Mid-aontinmital wmii- 

no 

:u-H 

23 8 

2 n -2 

m 

:i:ih 

21-7 

30-8 


paraflin mticlual 


Tim striking feature is that tin* residual bitumen prepared from the 
mid-continental field deposited 35*8 per cent, of this clay ut high tempera¬ 
ture, showing the Hmall capacity of paraffin oiln to maintain day in 
suspension in a colloidal state. 

As tho film of bitumen which covers the mineral aggregate of a shoot- 
iwphalt pavement is formed at the temperature given, these, data may 
convoy some idea us to the capacity of the dilTerent materials for ooating 
the grains of this aggregate, hut too much dependence must not bo placed 
upon them, as there are so many other controlling features in relation to 
the character of the filraB. 

Importance of Filler Bust, —If the “ oolloid ” theory is to bo aooepted, 
and there is apparent justification, then it may be the oase that by some 
system of filling the bitumen with a material of a colloid form that is 
now free from it, the bitumen so treated may become a much more use¬ 
ful substance in road structures than it is now. It is clear that a study 
and a series of experiments in this direction may bo of great aorvice. 

Methods of determining Filler Dust. —The filler or fino dust that 
should be added to tho aggregate should not only pass tho 200 mesh, but 
should, whon mixed with water, remain suspended in tho water for 
fifteen seoonds, which means that a large proportion should be even less 
than would pass through the 200-mesh sieve. 

It must be remembered also that some bitumens already oontain a 
percentage of this fine material, so that with tho use of suoh bitumens 
it would not be necessary to provide suoh an amount as would be the 
case where the bitumen has no filler at all. 

Another method of quickly determining the size of the filler dust is 
to place the dust in a reoeptaolo and to blow air through it at a oertain 
pressure; by means of a run of U tubes, the various sizes of fine dust 
oan be calculated from the amount deposited in eaoh tube. 

Neither of these tests will give an acourate idea of the filler dust, as 
the speoifio gravity must have its efEeot in determining the amount of 
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fino material tlint settles through the water in the one case and similarly 
in the various tubes in the other. 

Effect of Filler Dust on Bitumen. —Trinidad bitumen in a refined 
state lias u, speoifio gravity of 1*39, with a melting-point at 230° F. But 
when tin* line material is removed and the pure bitumen is obtained, 
then the specific gravity is 1-06, and it has a melting-point of about 160° F. 
This alone indicates the value of the. fine material; it obviously must 
increase tlu* specific gravity, but it also increases the apparent melting- 
point. 

This fine material would therefore bo of value to tar processes. There 
have be.en numerous instances of pitch grouting whore the atmoBpherio 
temperature has boon such as to cause the pitch to “ bleed ” ; if it had 
boon saturated with fine material it would have been so affected that the 
pitch could not “ bleed.” The writer had a very bad oase, and purchased 
a quantity of lime in it powdered state, scarified the road, lightly 
Hprinlclod this powder over the road so scarified, and re-rolled the com¬ 
position. It remained afterwards quite free from “ bleeding.” 

Filler. —The addition of filler or fine dust is, aB haB been indioated, 
for tho purpose of spreading tho bitumen over a large area ; too muoh 
filler will render the bitumen useless, and too little will have a detri¬ 
mental olToct in rendering tho mass too mobile in hot weather. A spot 
of gum has not its adhesive qualities Bhown to the best advantage if 
UHod in that way, but if that quantity is spread over an area in a thin 
layer its adhesive properties are placed to greater advantage and the 
desired results arc secured. It is similarly the case with bitumen ; if the 
filler is in correct quantity and in the proper plaoe, it becomes the agent 
for conveying the prepared bitumen to the proper quarter, and the 
greatest advantage is obtained for its adhesiveness and dnotility. 

From what has preceded, it will bo gathered that satisfactory results 
from an economical and from a lasting point of view oan only be 
secured by a careful and deliberate inquiry into the olass of bitumen, 
the nature of the flux, the methods of adding filler, and the amount of 
bitumen that should bo used with a given olass of stone. 

With regard to tho latter item, an illustration may be taken from 
everyday experience in the mixing of ooment ooncrete. It is well 
known that a neat oomont mixture would prove unavailing in engineer¬ 
ing work, and that a mixture of 10 or 15 of Band to 1 of cement 
would rarely be used with any prospeot of success, but the intermediate 
course of employing 6 of a mixed aggregate to 1 of cement would 
withstand very considerable Btrains for long periods. Thus the amount 
of oement used in tho composition depends on the Bizo of the aggregate: 
with large stone less oement is used, with fine sand more oement is used, 
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and the intermediate stage nf largo and fmo materials requires an inter¬ 
mediate quantity. The exact quantities are fairly well known. 

Bitumen in Concrete.- -Equally is it the ease with bitumen; it is 
more satisfactory when it is used as the Portland cement is used in 
concrete, the amount depending on the quality, quantity, and dimen¬ 
sions of the aggregate. Unlike the cement, not only has it adhesiveness 
hut it should also have, and in most oases has, ductility, and tliUH gives 
the concrete in which it has been used the resiliency which is desirable 
in road construction. 

The most important feature about u native, bitumen is its consistency 
in quality ; if any paving fails, the cause of the fault is narrowed down 
to a much finer degree than can be the case with a tar or oil rmduul. 

SUGGESTED SPECIFICATION FOB BITUMEN IN 
HOAD CONSTITUTION. 

Freedom The bitumen shall be free from moisture', and on 

from distillation for seven hours at 625” E. should not have a 

Water. loss of more than ft per cent, by weight, or a freHh sample 

Fractlona- distilled at 400° F. for seven hours should not have a loss 
tton. of more than 5 per cent. 

Temperature, The temperature during distillation shall bo taken 
by placing the bulb of the thermometer in the distillate 
gases of the distillation flask. 

Fixed Carbon, The amount of fixed oarbon shall not exceed 16 per 
oent. 

Solubility The bituminous cement shull bo dissolved in pure 

in GSg. carbon disulphide, air temperature, and the deposit shall 
wholly consist of mineral matter and not more than 4 por 
cent, of carbonaceous matter, insoluble in oliomioally pure 
oarbon disulphide. 

Solubility in It shall be soluble in naphtha 88°, air temperature, to 
Naphtha 88°. the extent of not less than 60 per oont. and not more 
than 76 per oent. 

When the above naphtha solution is submitted to 
strong sulphurio aoid, sp. gr. 1*84, it shall leave at least 
16 per oent. and not more than 26 per oent. of the 
bitumen unaffected. 

Solubility It shall be soluble in oarbon tetraohloride to the 

in CGI*, extent of not less than 1} per oent. less or 1J per oent. 

more than the solubility in oarbon disulphide. 

Paraffin scale. It shall not contain more than 2} per oent, of paraffin 
scale. 



CHAPTER VIII. 


METHODS OP USING TAR AND BITUMEN. 

Mixtures of Tar. -Tho author lias employed many mixtures of "tar 
utul has found it difficult to bring the tar to any standard ■with precise 
additions of other material. The method, however, whioh has given 
the moat uniform results is to bring the tar to a oonsistenoy that at 
tt certain temperature, when submitted to tho penetrometer test 
(p» 137), u. definite penetration is moasured. For the base mixtures 
mentioned elsewhere the penetration is 120° at C0° F. 

This penetration oan be obtained by adding soft pitch, dry-powdered 
lime, mid resin until the. Bo-troated tar givos tho ncoessary consistency. 
Resin is added because it Booms to improvo its adhesive qualities, and 
Trinidad Lake bitumen also employed. Thoro havo been doubts ex¬ 
pressed art to the portability of mixing Trinidad Lake bitumen with tar, 
hut from the t.0Hts that have been made for the Road Board in the experi¬ 
ments mentioned later,there is some reason for thinking that the addition 
of the bitumen hnH not any deleterious effect on the tar, or vice versa. 
Trinidad Lake bitumen, howover, is not added on aooount of the bitumen 
tmutents, but because of the fino material that is incorporated with it. 
10xj«‘rimentrt with tar in whioh the fine mineral flour is added are 
apparently equally satisfactory, and of oourse more economical in oost. 
The class of flour is mentioned olsowhore ; any exceedingly fine dust will 
serve the purpose, tho grading of whioh oan be scoured by means of a 
flnurnmetor. That grading of this fine material is as neoessary as the 
grading of the still fine but coarser material is exemplified by the faot 
that Portland element does not give good results as a cement unless tho 
mntcriul contains not only a large proportion that passes a 200 mesh, 
but also that it contains a distinot percentage of material muoh finer 
than will pass a 200-mosh sieve. 

In bringing tar down to a oertain oonsistenoy it is dear that the 
ftdtlition of the light oils will give tho results required with comparatively 

160 
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a muoh smaller quantity than would bo given by employing oreosote 
oil, and still less than when employing antliraoene oil. It has not been 
proved whioh method is the better ; probably the heavier oils will give 
the best results, booause of the tendenoy of the lighter oils to volatilise 
to a greater extent. 

In the opinion of the writer there must be an elimination of the high 
percentage of naphthalene which is included in a straight-run tar. That 
tar has not been sufficiently exploited in the direction of the amount of 
fine material it should contain is unfortunate, but that this examina¬ 
tion should be made in the near future is undoubtedly advisable. 

Tar Macadam.—The tar maoadams that have been said to be a 
suooess are in faot only comparative successes. The roads on whioh 
they are plaoed have traffic whioh cannot properly be oonBidered to be 
et heavy.” In the future, with the evident popularity of the transport of 
goods by motor vohioles on roads, the intensity of the traffio will bo far 
greater than many engineers anticipate 

On examination of the results obtained in many different localities, 
it will be notioed that the more oven tho size of the stone employed the 
greater are tho number of failures, and tho denser the structure the 
fewer are the failures. There has been a tendenoy to eliminate all tho 
fine material from the composition, somotimes beoauso it necessitates 
suoh a large amount of tar to coat the material, sometimes beoause the 
area oovered with the material in whioh the fine material is noticeable 
does not extend as far as it was expeoted. 

The addition of 20 per oent. of fine material does not inorease the 
area to be covered, whioh indicates that the other material with whioh 
the comparison was made oontainod 20 per cent, of voids This is quite 
possible, as one-sized material gives as a rule 40 to 46 per cent, voids, 
so that 20 per cont. of finer material oould easily be inserted without 
increasing the volume. Then in othor cases it is laid with a coat of fine 
material to form tho surfaoo, but tho size of the stone employed is from 
| down to £ inoh, all the material passing the J-inoh screen being re¬ 
moved. It must bo obvious that the voids in this composition must be 
considerable, as tho spaoes between, say, a series of |-inoli stones oannot 
be filled with either £-inoh or J-inoh material. In a number of trials 
made by the author the voids are, under the most favourable circum¬ 
stances with material of this size, at least 30 per cent. Some propor¬ 
tion of these will be filled with the tar ooating, but it would not be far 
from the mark to suggest that the voids would be 26 per oent. 

Henoe the necessity for applying the tar ooating to seal the structure 
from atmospheric conditions. 

Further, if the traffio is heavy and the sealing ooat worn, as it must 
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In* under traffic wear, it will leave the structure more easily subjeot to 
tin* weut.lier, which will soon cause with the traffic its disintegration. 

In the writer's view, although it is almost impossible to obtain a 
structure which Hhall he. voidless (it is doubtful whother it is even 
de^iruble that it. should be. voidless), the road structure to be satisfactory 
.should not contain more than 10 per cent, voids. 

When a structure ooutuins voids to the extent of 25 to 30 per oent., 
the stone composing that structure is subjected to severe strains and 
will fracture and grind and eventually be subjeoted to a greater com¬ 
pression than was given by the steam-roller that was employod to con¬ 
solidate it in the first instance. In oonsoquenoe, ono may expect tlio 
corrugations which develop on a woak structure more rapidly than 
n more dense composition. 

It is desirable that in any work that iB to he carried out and whioh 
involves the use of tar, the specification of the British Engineering 
Standards (Committee should be taken, and it should be definitely known 
whether the tar obtained dons aotually agree with the specification. 

With the use of the tar, care, should always bo taken that the heating 
of it in the tar boilers is not overdone, otherwise the offcot of the 
specification will he nullified. It will bo seen by an examination and 
study of tin* various analyses of distillates, how the tar may he affected 
bv enroloHH heating ; it should ftlHo be constantly stirred, so that the tar 
at tic* bottom of the tar boiler is not burnt. 

When t.ar boils over, it is because the tar contains water. 

It is also as well to note here that it is desirable in many oases to 
add fine dust, as fine as flour, to the tar. Cement is frequently used, 
hut. slaked lime is also employed for this purpose. When slaked lime 
is obtained it is in the form of a fine powder, but notwithstanding its 
ap|H*uranoo it contains a considerable amount of moisturo, and its 
addition to tar at. the tar boiler must be oarcfully adjusted, otherwise 
the tar may overflow if the temperature is above 212° F. The moisture 
must bo eliminated by heating, i.Q. the frothing and bubbles should 
disappear and tho surfuce bo smooth at thiB temperature. 

TAR MACADAM. 

Tar macadam is a name that is given to a road structure in whioh 
tin* stones are coated with tar. It iB usually oomposed of stone that 
wilt pUHM through a 2-inoh ring, the average stones under this condition 
having a maximum dimension of If inches. The stone is heated, but 
as a rule no temperature is taken ; if it looks dry and feels hot, this is 
usually taken as sufficient. The stone should be passed through a tem¬ 
perature of about 230° F., and allowed to oool down to about 100° F.; 
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it. in then in u condition to be coated with the tar. The tnr that ih 
used in tin* dehydrated tar mentioned in Chapter VI., but there are 
variations dependent, on the e.\pcriencc of the person making the tar 
macadam. There has been no Htaudurd up to recent yeai'H, and the tar 
in sometimes that from one works or from a scries of works. 

Treatment of Tar. - It is taken to the tanks and there allowed to 
simmer at a temperature of about 2111° If. for some (lays, is looked after 
by an “ old hand " who syphons off the light oils, moisture, eto., until 
it is of the right consistency ; or the tar may have been jmssed through 
an intermittent form of distillation, as suggested in Chapter VI., or from 
a “ eontimums *’ distillation plant, where the tar is converted to pitch 
and afterwards softened hack to the proper consistency us required by 
the person who is making the tar inauadam, Thu prepared liquid is 
heated to an attenuated form, i>. to flow freely, and ih then poured on 
to the hot stone, and the two are shovelled together or mixed in a 
mechanical mixer until all this faces of the si one are, properly covered. 

The Proportion of Tar to the Stone depemlH on the quality of the 
stone and its size ; it will hi 1 about. (1 gallons to the cubic yard of 2-inch 
stone, and not nxaeed 10 gallons in uuy quality. 

A second size of stone is similarly treated, and in some eases even 
a third size is used. Some manufacturers make the Bcaond siza 
2 inch clean, or 2 inch to dust; another variation is J inoh 
clean, or } inoh to dust. Others will eliminate the dust or oonsider 
the duBt to be no smaller than & inoh. This material, in whatover 
variation, iB heated in a similar manner to the largo material, and 
treated with tar ; in this aaBe the quantity of tar, aH will bo anticipated, 
is increased, and will be approximately about 1G gallons, and oven up 
to 20 gallons per cubic yard. The quantity is gnugod by the appearance 
of the stone when ooated ; it should not be in so large u quantity that 
it drips off tlie stone, nor in ho small u quantity that there arc areas 
uncovered. 

Material Heaped.—Thosn mixed stones aro then wheeled away to a 
heap and remain exposed to the weather for from one to six months. 
The bright blank appearanao of the tarred stone iH soon lost, and the 
stone booomes dull and hinds hard on t.o its neighbour, a pick being 
UBed to separate them. However, the under face has not lost xnuoh 
of its vitality, and many hold the view that it is in a better oondition 
after it has been so Btored. It is obviously a commercial and eoonomioal 
advantage to be able to mix it and store it, but undoubtedly there must 
be a hardening going on due to volatilisation, and the aotual oondition 
of the tar on the stone must be worse than when it was originally mixed, 
so that fresh mixed tarred Btone should bo more satisfactory. 
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Laying on the Road.— The 2-inoh tarred stone is taken to the road 
and is laid two stones thiok on the prepared foundation (fig. 28). This 
coating will roll to a general thiokness of 3 inohes, and will leave a very 
opon and porous surface. On the top of this, while it is in a dry con¬ 
dition, a oont of the finor material iB then laid to a depth when rolled 



Era. 28. 

of 1^ inohes. Frequently the tarred stone has been allowed to remain 
stacked too long, so that it looses its adhesive qualities and the surface 
permits moisture to penetrate freely; the surfaoe is therefore ooated 
with hot tar, and fine ohippings are sprinkled over it, thus sealing the 
surfaoo and also giving the required consistency to the tarred material 
in the surfaoo. 



Era. 29. 


Another method (fig. 29) of laying the stone is to spread the large 
stone uh described above, but before it is rolled the finor material is 
Hproad on the top n[ tho 2-inch material, and the mixture rolled and 
fed as require! until tho mass is apparently homogeneous and presents 
& ulnsod surface. A tar coating may or may not be used as an adjunct. 



Era. 80. 


A third method (fig. 30), not very frequently practised, is to lay 
tho small material first and tho larger material on the top of it rolling 
the latter until the finer stone surrounds the large material. It is 
difficult to obtain sucooss with this method unless the tar is somewhat 
fresh on tho stone, and the rolling does not even then make a satis¬ 
factory finish. 
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Although, these methods have been tried for many years, the one 
that ib leaBt satisfactory in thoory is the most popular, that is, the one 
first described, and mainly because it gives a fine even surface and there 
ib least trouble in Beouring reBultB. The scoond prooess is better than 
tho first, and is the one from which the writer has obtained the best 
results. The third prooess is better in theory than the scoond, beoause 
the finer material Bhould surround the larger stone, both in the bottom 
and the top, but it is tho most difficult to lay, and the results, whioh are 
probably due to inferior laying, are not satisfactory. 

Mr. Gladwell, tho surveyor to the Eton Rural District Counoil, 
brought tliis third method into prominenoe by using untarred stone on 
the tarred fine material, and probably more on aooount of the quality of 
the tar used than through the use of untarred material, gained some 
success, beoause the stones were unable to slide on eaoh other to the 
same extent that they would where the stones were wholly covered with 
tar, and with a tar of an indifferent or unstandardised quality. The 
writer's experience, using the ordinary refined tar, was not encouraging, 
and thiB has been the oase with others who have endeavoured to adopt 
the method. 

Value of Tar in Road Mixtures. —Undoubtedly it is the oase that too 
little attention has been given to the value of tar for road-making pur¬ 
poses. If tho Bame amount of soientifio researoh had been given to tar 
as has been given to bitumen, a different report would be given. The 
plaoing of a filler in the tar is essential; many engineers are using ohalk 
or lime in a powdered state. Then the structural composition, including 
the grading, requires consideration ; it would enable this material to be 
more effectively employed than is now the oase. Where proprietary 
tars have been employed and the tar is standardised and treated, there 
seems to have been more satisfaction given than in those oases where the 
tar has been taken as supplied from gas companies or distilling works. 
There is hero an indication that it is the treatment and filling of the 
tar which enables it to be used with a degree of suocgsb, as lias boon 
indicated elsewhere. 

Possibilities In Tar not yet realised. —There arc possibilities in tar 
whioh are not yet realised, and if sufficient funds were available, and time 
and areaB set apart for a systematic series of experiments, there oan be 
no doubt that tar oould be made into a very useful binding agent and 
take its plaoe more effectively to form an aooeptable and useful form 
of pavement. 

Aggregates. —Some engineers have the idea that from their ex¬ 
perience there is a virtue in a particular form of aggregate. Some will 
Bay that “ slag ” is far preferable to “ granite,” others that “ limestone ” 
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in bettor than either slag or granite. There, are those who suggost that 
there ia no necessity fur lino material or differential grading, that there 
is no advantage in filling the interstices ; while others, equally sinoore, 
have the dint-inotly opposite opinion. An a matter of fact, there has 
been no scientific examination which would assist in determining the 
value of any of thoae opinions. 

Failure of Tar Mixtures.— Failure of tar macadam is duo to in- 
approciation of the essential pointH of tho tar ; very often to the careless 
manner in which tho composition is propurod and applied. From the 
many oxamplos that have come before the. writer, thoy aro not as good 
as would be obtained from the tar-spraying or painting of a well-made 
water-bound maoadam roadway ; in fact, there is reason for saying that 
the latter form is far better than the majority of tar-macadam roadways, 
because in most oases of tar macadams tlio success of the road has entirely 
depended on Itow the tar maoadam haH been regularly sprayed or painted 
with tar or bitumen and tho under part Healed from tho woathor effeots. 
Tho sealing ooat is tho wearing surface, and the tarred material is merely 
a support for tho Healing coat, and in all probability tho maoadam road 
would have served the same purpose as it has done in many instances. 

One-Size Macadam.—In u macadam structure made of one size of 
h to lie there is always tho same percentage of voids, i.e. about 42 per 
cent. Most of the tar macadams are made of one size, and therefore 
have at first this percentage of voids. The coating of tar and com¬ 
pression that is given will reduoo this quantity to some extent. The 
principle that is adopted by some is as follows : inches is usod as a 

base, then £ inch, then $ inch as a finished ooat. Each of theso has the 
same percentage of voids, and the only part of tho process that prevents 
water from penetrating is tho finishing ooat of tar whioh is applied, and 
may on the small material form a complete seal depending on how heavy 
is tho ooat. It is frequently in evidence that a newly laid tar-maoadam 
road shows a wot surface long after tho rain has subsided, henoe the 
desirability of using a good sealing ooat; but it must be oloar that, as 
soon as the sealing ooat is worn away, tho understruoture will permit 
the moisture to penetrate, with obvious results. 

Graded Mixture. —The prinoiple, therefore, of adopting a properly 
graded surfaoo mixture is apparent, so that not only shall the voids be 
retluouil to more reasonable limitB, but that an impenetrable layer of 
appreciable depth should be formed to prevent moisture from obtaining 
aooess below the surfaoo. 

Where bitumen is used suooessfully with sand and cement, tar has 
not been so successfully used; but there are possibilities, beoause the 
writer in one experiment found, by using a very fine filler with the tar, 
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il lasted Homo considerable time under heavy trallio. Unfortunately 
circumstances aroHi* which prevented these. experiments from being 
carried further. But. from the knowledge that was thus gained it was 
clear that a constituent can be added to tar wliie.h will improve its 
qualities and make it a more useful material in road structures. 

Combination of other Materials In Tar.- -In commotion with those 
methodH of tar macadam, the writer has tried many combinations of 
tar and pitch with renin and lime, the renin to add to the hardening of 
the tar, and the lime for the* purpose of acting an a filler to the tar and 
make it, a conveying medium. Similarly, a mixture of pitch, creosote 
oil (or anthracene oil), renin, lime, and Trinidad bale 1 bitumen ban also 
been tried, and thin given fairly Huee.ennful results if the mixture in laid 
Hhortly after it han been mixed ; it will stand heavy trailio for about 
twelve to eighteen months, after which it, heginn to ravel or crack and 
give way. It, han therefore been imed with the line material (jj inch to 
i inch and dust), and laid in the depressions of 1.1m water-hound roads ; 
it thus Hetn quickly, and forms a wearing face level with the other 
portions of the road not worn, and considerably lengthens the life of 
the whole of the road. It iH satisfactory even when laid about 1 inch 
thick. 

The proportions are 


Pitch, B6 per cent."! 
C'rcoBoto, 33 „ / 

Lime 

Trinidad Lake bitumen 


HI per cent. 

. 6 .. 

. 10 .. 


Also the following proportions give superior results 


Dehydrated tar. 

Resin 

Lime 

Pitch 

Trinidad Lake bitumen 


HO per cent,. 
Hi „ 
fi 


0 

7-R 


I) 

JJ 


In order to prepare the mixture, the pitch ih melted, then the oreo- 
soto is added, afterwards the resin ; the lime is sprinkled over tho heated 
mixture, and then the melted bitumen is added. 

Tho reason of such improvement is probably due to tho faot that tho 
tar is not severely treated. In order to obtain pitoh tho tar is taken 
to B18° F., which is a destructive temperature, and it may prove to bo 
tho oaBQ that tho tar to bo UBed for road purposes Bliould never bo taken 
beyond about 300° F., and that it should be kept at suoh a temperature 
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until "by volatilisation the desired consistency is obtained : tlio heating 
may oven have to be taken over a period of days. 

Stone used in Tar Macadam. —The stone that is used may be granite, 
the more porous and dust-making being better than tho very im¬ 
pervious and dense varieties. Broken slag from iron and steel works 
iH also popular, and in some districts burnt flints have been found 
satisfactory. But perhaps limestono is tho material which has had 
a greater vogue than either of tho above-mentioned stones, and prob¬ 
ably this lias "been tho case because of its groator affinity for the tar. 

Tarmac is a proprietary tar macadam. Tho stone that is used is 
blast-furnace slag, which is treated before it is cold, and therefore when 
there oan bo no moisturo in it, when it is said to bo in a far better con¬ 
dition for reooiving tar than after it is cold. At tho works the tar is 
distilled and prepared with pitch and other ingredients to certain uni- 
fonn ohomioal and physical standards, the methods to obtain the best 
reHiiltH being adopted, so that this preparation Hliould givo satisfaction 
tiH far as possible with the material at hand. In tins case tho tar and 
the slag are waste products, so that tho combination should bo exceed¬ 
ingly nheittp in first cost. The stone is graded—2J inches includes 2J 
inches to If inches, If inches includes 1$ inches to £ inch, and finch 
includes f inch to f inch. These aro sent out, the largest being laid 
in tho bottom, the next size on tho top of tho largo material, and the 
finest material forms tho surface. 

Tarvla is a specially prepared mixturo of pitch, dead oils, etc., and 
is made in two grades “ A ” and “ B,” tho “ A ” grade being a froc- 
llowing liquid undor heat, whereas the “ B ” grade is of a more solid 
character. Tho “ A ” grade is used for tar-painting and spraying of 
roadH, and tho “ B ” composition is used for mixing and coating stone, 
and acts ah the binding agent in road construction. 

Quarrlte is a proprietary composition of small-sized limestono chip- 
pings in various grados, each being coated with tar and mixed together 
in certain proportions, and rolled to an oven faoo. 

There are other variations of tar macadam each differing from the 
othor in a more or less slight dogree ; oaoh of thorn aro oold processes, 
i.e. tho material is brought on to tho job at ordinary atmospheric con¬ 
ditions, and whatovor “ setting 55 goes on must bo duo to volatilisation, 
oxidation, prossuro, or a combination of the three. 

POURING-IN PROCESSES. 

Othor forms of preparing tar macadam are known as the “ pouring- 
in *’ processes or “ penetration ” methods. They may be described as 
*• hot and oold,” to distinguish them from those above described. 
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The ordinarily broken 2-inch granite macadam ia laid two stones 
thick, i.e to 3 inohes when rolled to an even surface. This surface will 
show a large number of interstitial spaces or orevices, into which is 
poured a mixture of pitch and oil, sand and oement—the oil being that 
known as sharp oil, creosote oil, or anthracene oil. The specification 
of a mixture is given in the Engineering Standards Committee’s descrip¬ 
tion at the end of this volume. The method adopted is to obtain a 
bucket partly filled with the heated pitch, then from a quantity of hot 
sand and oement sufficient is taken to double the volume of the pitch in 
the bucket; this is stirred vigorously, and while in a stirred condition 
it is poured into the crevices of the stone. 

The process is crude and uncertain, and, left in the hands of an un¬ 
skilled person, with no means of ascertaining whether the mixture is 
properly made, there can be no check on the quantity or proportion 
per superficial yard. In some cases the writer has seen the crevices 
unfilled and the stones practically untouched, while in other areas the 
crevices have been filled to the surface. If the spaces are filled the 
quantity required would be about 4 gallons to the superficial yard, and 
in this case the mass is a monolith, i.e. there are no voids, and the surface 
in cold weather would be hard, unyielding, non-resilient, and probably 
very slippery. In very hot weather the pitch is nearly in a flowing 
condition, and sometimes comes to the surface and finds its way 
towards the channels. 

This softening would in time disappear with the volatilisation that 
must go on, but it would then be more easily surface-broken. The 
repair of such a road must be somewhat difficult to manipulate. 

This flowing of the pitch oan be eliminated by either filling more 
fine flour into the pitoh before it is poured into the crevices or by harden¬ 
ing the pitch, in which latter case the road will present a very hard 
surface in cold weather. 

In the writer’s opinion the principle is far superior to the usual 
methods employed in tar-macadam structures, especially if the grouting 
could be done with greater accuracy. It is, however, not carried out to 
its literal extent; the amount of pitch grout employed is varied accord¬ 
ing, probably, to the oost of the paving that is allowed. In some cases 
1 gallon has been allowed, in other oases 2 and 2} gallons ; rarely is 
the full amount of 4 gallons, which would fill the interstices, employed. 
Where the composition has been comparatively freely used to the extent 
of 2} or more gallons, greater sucoess has attended the experiment than 
where a limited amount like 1 or 1J gallons has been expended in filling 
the interstices. 

As about 6 gallons of tar will coat a cubio yard of lj-inoh to 2-inch 
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"unite, and as tliiw will spread to the extent of 8 yards 3 inches thick, it 
illows that three-quarters of a gallon is employed to the superficial yard; 
cannot therefore bo said to be grouted whore a quarter of a gallon in 
xcess of the amount required to coat the surfaces of the stone is poured 
ito the interstices of a superficial yard of granite, and as the mixture 
LoludoH also sand and cement, with a grout of 1 gallon to the yard, is, to 
se a popular expression, asking for trouble. If grouting is to be a suocess 
' must, be properly done and the orovices properly filled up whatever 
uuntity is required. Further, it is not desirable that the pitch should 
e, too brittle or filled to a large extent with fine sand or cement. Soften- 
lg in hot weather is undesirable. The pitch-grout method employed 
y Mr J. A. Brodio, M.Inst.C.K, and mentioned below under the 
pad of " Pitch mac,” has been a success at Liverpool, but complaints 
a vp been made where supposedly tho same material has been used in 
ip south of England in tho summer months of the running of the pitoh. 
Whether tho Bumo specification lias or has not been used tho writer cannot 
a.y, but one factor must bo taken into consideration, and that is that 
lie utmosphorio temperatures in London and tho south of England are 
HTcreut by many degrees from what is customary in Liverpool, and it 
\ quite possible that tho consistency of tho pitch must on that account 
e amended. 

Mr Brodio’s specification is as follows :— 

Pitghmao. 

1. The pitoh must yield no matter volatile below 270° C. when sub¬ 

jected to dry distillation, and its total volatile organio matter 
must not fall below 30 per cent. 

2. It must not oontuin more than 80 per cent, of its weight of matter 

insoluble in petroleum spirit of O'700 specific gravity (boiling), 
and must be free from extraneous matter such as sand and grit. 

3. It must twist fairly after immersion for two minutes in water at 

00° F., but not under 55° F. 

Crhosotb Oil. 

1. The creosote oil shall bo obtained exclusively by the distillation 

of coal tar, and not more than 0 per cent, shall redistil below 
240° 0. 

2. The oil as obtained by tho distillation of ooal tar shall not be 

treated in any way either by the addition of any coal-tar product 
or by any extraction of its constituents, excepting suoh extrac¬ 
tion as may be necessary to oomply with the following require¬ 
ments :— 
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3. It Hhall contain no Holid mutter at 15° C,, and shall have a hjKH; ific 

gravity of not lean than 1 *060 (taking water as 1*000 at 15° C).). 

4, It. must. contain not lens than 25 per cent, of its constituents that 

do not distil helow 320° (1., and the 75 per cent, which does 
distil over below 320° 0. shall contain 10 per cent, of tar acids 
to be extracted by soda, specific gravity 1*125 (water 1*000). 

The hot pitch and oil shall be tempered in a pitch boder until it 
complies with the following practical tests 

The mixture when cooled in water at (50° i<\ should stretch at least 
3 feet before breaking, and the threads so formed should pull out very 
finely indeed. It should also, when doubled into a length of about a 
foot, bear hitting hard on an iron or stone surface without showing 
signs of cracking. 

The author is inclined to think that this specification could be appre¬ 
ciably amended without altering the intentions of the designer ; in 
Home of the tests it is ditiicult to gauge their value. 

The pitch-grout system is probably double the cost of tar macadam, 
but it has greater density, durability, and imperviousness, and trallic 
can jiaHH over it immediately it is cold without any likelihood of damage. 
In the ease of tar macadam it Iuih frequently been noticeable that a heavy 
type of vehicle passing over the struoturo had disturbed tho surface from 
end to end. 

The macadam Hliould bo properly dry before the. pitch grout is 
added, and this is a risk which necessitates the work being donu in 
tho Hummer only. 

There is, however, some evidence indicating that this form of pave¬ 
ment, however crude it may appear to be in design, is one that is capable 
of satisfying tho traffic requirements in an economical manner for a 
number of yearH. 

sidcup Trials,—A series of triuls of vuriuus road structures were laid 
at Sidcup under the direction of tho Hoad Board, aiul from a financial 
point of view they have shown good results. 

Whether they are indeed the most economical depends on various 
factors, e.g. the estimated life of the pavement iH not stated, the present 
surface condition is not indicated, the condition of tho pavement in 
summer and winter conditions requires to be known; the actual cost 
when laid by the local authority should bo equally desirable. 

The experience of seven years is given in a table prepared by Mr T. 
Chapman, M.Inst.C.B., the county surveyor for Kent, who has very 
kindly permitted tho reproduction of his chart in the Appendix. 

Cost of Macadam and Pitch Grout.— It will be noted that tho Section 
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No. 2 has cost 8|d. per superficial yard per annum. Ib must also be 
noted that the cost of the water-bound macadam was, according to the 
Road Board’s Report on these trials published in 1913, at the rate of 
2s. 5*65d. per annum, so that the saving by adopting this system 
amounts to Is. 9-15d. per superficial yard per annum. 

Taking the Section 23, which is that of a two-coat bituminous surface, 
the cost is stated as Is. l£d. per superficial yard per annum; but the 
original cost was 7s, 6d. per superficial yard, and as the road has been 
down seven years, the cost per annum equals Is. Id. approximately, 
therefore the cost of maintenance equals $d. per superficial yard per 
annum. 

But, as is stated elsewhere, exactly the same pavement has been laid 
by the writer at 4s. 6d. per superficial yard, and Mr Dryland, the county 
surveyor of Surrey, has laid several miles on the Brighton Road near 
Reigate at 4s. 7|d. per superficial yard; therefore, when the work is 
carried out by the local authority it can be done at a saving of 3s per 
superficial yard on the cost as laid at Sidcup, thus bringing the cost 
down to 7'9d. per superficial yard per annum over seven years, to which 
£d. per superficial yard for maintenance equals 8*4d. as the total cost. 
The grouted macadam was laid by the Kent County Council, so that 
the two pavements are on the same basis, and the cost is approximately 
the same. The other pavements should obviously be compared on the 
same lines in order to obtain a true comparison. 

The two-coat bituminous pavement has been laid in the writer’s 
district for over twenty years, and the amount for repairs is exceedingly 
small; so that if this was a fair basis of the cost of maintenance and life, 
the cost per annum would with each year gradually reduce, so that the 
total cost spread over twenty years would amount to about 3Jd. per 
superficial yard per annum, whioh would then bear a near approach to 
the oost of other pavements and bear a similar proportion to the amount 
of traffic that passes over the road with that which passes over the 
wood-paved roads. 

Pltohmac is the name given to a standard mixture of pitch prepared 
by Mr Brodie, the city engineer of Liverpool, and used in the “ pouring- 
in ” prooess. 

Plascom is the proprietary name given to a similarly used mixture 
of pitch, oil, and an impalpable mineral, filling as far as possible the 
whole of the crevices. One ton is used to oover 40 to 4B superficial yards 
of granite laid 2£ inohes thick. This material does not seem to be affected 
by the hot weather, but is very hard and gives an appearance of being 
Blippery to horse traffic. 

The writer’s experience of pitch grouting laid in the early summer 
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was apparently successful until the hot -weather arrived, when the flowing 
of the pitoh became suoh a nuisance that it had to be removed. 

Val de Travers Matrix.—The bituminous matrix of the Val de Travers 
Asphalt Company is a mixture of bitumen and grit or other mineral 
matter, in which tar takes no part, although it may be added to cheapen 
the matrix. It is used as desonbed m the pouring-in process. 

The penetration method, as a whole, does not oommend itself, for 
the reason that the stone into wliioh the material is poured has not been 
heated and dried thoroughly free from moisture ; the writer has seen 
the pouring in done while the stone was wet with recent ram. 

Roadoleum is a residual oil in a solid form which is heated, and it 
is suggested should be used in the manner above described. 

Trinidad Liquid Asphalt is another oil which it is said can be used in 
a somewhat similar manner or as a surface dressing. The material 
submitted to the writer was not of a character which would encourage 
its use, but it is subject to alteration, and therefore comments are not of 
great value. 

Doubtless other mixtures of tar, pitch, residual oil, and bitumens 
will be brought forward in the future with more or less success. Any¬ 
one trying them would advisedly only do so in an experimental manner, 
as it is unwise to judge from the suooeflfl that may have resulted from 
a few months’ trial on any road. What may be a suocess in the summer 
may fail m the winter ; what may successfully resist the traffic on one 
particular road may not equally successfully resist the traffic on another 
road. The climatic conditions in this oountry are very severe, and the 
traffic is more intense than it is in other countries, so that what may 
be successful abroad may have little suocess here. It is quite possible 
that many of the processes described will have success in certain 
thoroughfares, and the road engineer has to decide the ohoice.of the 
road that the material suits. For economical reasons it is advisable 
that there should be a choice of compositions for road-construction 
purposes. 

OTHER ROAD MATERIALS. 

Lithomac.—The Dimmer and Trinidad Lake Asphalt Company lay 
an asphalt macadam, oomposed of broken granite passing 1-inch mesh 
(thus including f-inch, J-inch, and f-inch sizes), sharp silica sand, and 
pure limestone powder, thoroughly mixed and carefully blended with 
refined elastic bitumen. It is a hot process, i.B. it is laid while the 
material is still hot. The success of this paving depends on the quality 
of the bitumen that is used, and also on the quantity compared with 
the mass of other material. A comment which is applicable to all pro- 
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ceases of a proprietary character is the work of the company in other 
but similar directions, eg. the Limmer and Trinidad Lake Asphalt 
Company has had a long experience in rock asphalt and mastic asphalt 
work, and therefore should be in a position to correct any imperfection 
if it should arise. 

Astecphalte. —There are several methods employed; one is that a 
concrete foundation be provided, and on this is laid a binder course 

inohes thick when compressed and subsequently an asphalt-weanng 
surface inches thick when compressed. 

For medium traffic the penetration of the bitumen is 50 to 65 and 
for heavy traffic 40 to 55. 

The binder course is graded stone from 1 inch down, mixed with the 
asphalt oement, the mixed material reaching the job at 200° to 325° F. 
and thoroughly compacted while in a hot condition. 

The wearing surface has an average analysis as follows :— 


Bitumen 

Passing 200 mesh 


D 

93 

J.W 

80 

93 

39 

37 

50 

99 

73 

40 

99 

33 

30 

99 

39 

20 

99 

39 

10 

99 


12 per cent. 
12 

13 
13 
26 
10 

8 

5 

1 


100 


' The concrete is dispensed with in certain classes of roads and the 
binder-oourse increased in thickness from 1J inches to 3 or 4 inches. 

A third method is to lay asphaltic oonorete on the existing road 
surface ; the thickness of the oonorete may vary from 2 inches where 
bhe volume of traffic is large to 1 inoh where the traffic is very light. 

The materials of which the pavement is composed shall be crushed 
stone combined with a definite proportion of fine mineral aggregate 
and thoroughly mixed with asphalt oement. 

The proportion of various grades to be as follows :— 

40 per cent, by weight of crushed stone (max. size £ thiokness). 

51 ,, ,, ,, fine mineral aggregate. 

9 ,, „ „ of asphalt cement. 

The fine mineral aggregate is the same as used in the binder oourse 
and the asphalt oement similar to that used for medium traffic. 
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Tlie mixture is laid evenly with hot rakes, rolled, and the surface 
flushed with hot liquid astecphaltc and afterwards coarse aand sprinkled 
over the surfaco and the surfaoc thoroughly rolled before opening to 
traffic. 

Mexphalte Paving is a road structure which is similar to that of 
astecphalte described above. The base-coat or binder course is com¬ 
posed of coarse to fine material graded and mixed with mexphalte 
bitumen. The thiokness of this coat is about 3 inches. The wearing 
surface has an analysis similar to that of the asteophaltc-wearing surface 
and conforms closely to that of other asphalt-wearing surfaces described 
elsewhere, but the bitumen employed is mexphalte. 

This paving has been laid down in a number of roads in this country 
and abroad. 

Cormastlk is a mixture composed of mineral matter and Sicilian 
rock asphalt, fluxed with Cuban bitumen, which is laid in a manner 
similar to that of mastio asphalt, but is placed on the existing road 
surface. One or two trial lengths have been laid, and with other new 
processes will have to withstand the tests of traffic and weather. As 
one might expeot from the provious chapter, there are indications of 
hardness, slipperiness, and non-recuperative power. 

Rocmac is a composition of silicate of soda, sugar, and other in¬ 
gredients, and a specially selected limestone which contains a largo 
proportion of carbonate of lime Tins mixture is laid on tho bottom 
of the road which has been prepared for a ooat of macadam, and the 
granite is rolled into the Rocmac mixture until it fills the interstices 
between the stones and thus acts as tho binding material. This may 
prove to be better than the ordinary water-bound macadam, but it is 
questionable whether it has that resiliency that is necessary in an ideal 
road, and from tho section tho writer Baw in hot weather with traffic 
there was a proportion of dust, although not so great as in tho oase of 
the macadam road. 

Roadamant is another specialised material; it is a mastic asphalt, 
and laid on a conorete foundation, or on the oxistmg road surface. 

Trials have been made with a variety of materialB, but none of them 
have justified extension, either on account of prohibitive price or by 
reason of inherent defects. 

The bituminous-macadam structure and other processes in which 
tar and bitumen have taken a part, and which appear to meet in large 
measure the criticisms that have been raised, appear to the writer 
of sufficient importance to be described m a separate chapter. 

The plant for the manufacture of tar macadam is built in various 
ways, but the simplest one that appears to the author is composed of 
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31.—Elevation. 
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a drier of the rotary typo, which heats the stone to a temperature withil 
the limits necessary for either tar-macadam or bituminous mixtures 
The number of these driers depends on the number of units.desired 
each unitwill heat about 20 tons per day. Ono mixer cun mix at tin 



rate of about 50 tons per day. Tanks for tho tar or bitumen are usual! 
built so as to allow about 5 tons to be heated at one time, 

Where dehydrated tar only is being used, then it may be desirable t 
have large tanks where it can be stored, tlie tar being received by tan 
loads and pumped by mechanical pumps. This tank would be plaoo 
at such a height that the tar can gravitate to tho part of tho depdt i 
whioh it is required. But some engineers find it more satisfactory l 
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prepare their own tar by cutting back pitch with creosote or anthra¬ 
cene oils; the pitch and the necessary oils or tars are more easily 
stored. 

The sketches below indicate a complete plant necessary for a con¬ 
tinuous output of about 20 tons per day. 

Another type of plant (Figs. 32 and 32a) erected at Fulham. A is the 
boiler, which raises the steam necessary to drive engine G; the latter is 
employed in revolving the drier. The flame from the boiler, instead of 
being passed up the chimney at A, passes through the drier and round it 
baok again to chimney H. B is the drier; in the interior is a revolving 
drum. The material to be dried is thrown by manual labour into 
the hopper C and discharges at K. The time taken to heat the stone 
is three minutes, and its temperature is about 400° F. when it 
emerges at K. It is then shovelled into the hopper D, whioh is raised 
by power to the top of the mixer, where it is automatically tipped 
into the mixer, immediately it resumes its vertical position and 
returns to the bottom for a second load. As soon as the material is 
placed in the mixer, the man there is ready with the required quantity 
of tar composition, and while the hopper D is returning to deposit its 
next batch of material, the mixer has thoroughly mixed the batoh ; 
the man opens the bottom of the mixer and allows the mixture to drop 
to the waiting cart. 
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Fig. 32a.— View of plant for drying, heating, and mixing with either tar or bitumen material for road composition 






CHAPTER IX. 


METHODS OF USING TAR AND BITUMEN {continued). 

Essentials in a Road Structure. —From preceding chapters it will 
be gathered that there are a series of factors whioh are essential and 
others which must be regarded as economical, both of whioh are important 
in a successful form of road construction. They are :—That the struc¬ 
ture shall be impervious to moisture, and able to throw the water quickly 
off the surfaoe : that it shall be resilient both in winter and summer ; 
and the binding agent, therefore, ductile and adhesive (duotility being 
plaoed first on account of its greater importance): that the thickness 
shall not exceed 4 inches—this latter depends on the homogeneity : 
that the structure is like concrete, self-contained : and that the founda¬ 
tion or substructure shall be satisfactory. 

Tendency of Traffic. —The remarkable effect of waterproofing the 
surface that has already been mentioned, and shown in the diagram on 
page 244, is mainly due to tar-spraying. This form of treatment has- 
to be considered as annual on account of the tar losing its power in the 
autumn, but there are features which ought not to be lost sight of : 
at the sides of the road the tar retains to a greater degree its power of 
waterprooling even during the winter, showing that it is the traffic that 
causes the disintegration, and that if the tar is left undisturbed it will 
last much longer than one winter. 

This peculiarity suggests that this part of the road is not used, and 
therefore the thiokness of the structure might be lessened or, if it was 
practicable, a weaker material might be substituted. But the better 
course would be to flatten the oamber so that the traffio is enoouraged 
to traverse the sides of the road equally with the centre. 

That there is a tendency for the traffio to keep in the centre of the 
road is to be gathered from the faot that the wear at the sideB of a wood- 
paved or asphalt road is much less than elsewhere. 

169 
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Thickness of Material.—If 2 to 2^ inches (Chapter IY.) will distribute 
the pressure satisfactorily on to the prepared foundation, then from 
2 to 2| inohes is all that is required at the sides—hut in the middle third 
of the width of the road the thickness should be increased to 4 inohes 
at least, m order to allow £ inoh to 1 inch of wear. When this amount 
of wear is notioed, then the road should be repaired and again brought 
to its original condition. The advantage of any road surface that can 
be repaired by plaoing an inoh layer of material is obvious. 

Effect of Wear on Composition of Road.—In a previous ohaptcr it 
has been shown that an ordinary wat-er-bound macadam road consists of-— 

Macadam stone.66 to 60 per cent. 

Hoggin or ohippings and fine material 26 „ 36 „ 

Moisture .6 „ 10 „ 

If the analysis is divided so as to show the proportions of material 
above and below \ inoh, the following percentages will apply :— 

Above J inoh.66 per cent. 

Below ^ „.36 „ 

But if the proportions are taken when the road has been subjected 
to traffic and m a firm condition, it will be found that the proportion 
is :— 

Above \ inoh . . 66 to 60 per cent, (ooarse) 

Below \ „ . . . 45 „ 40 „ (fine) 

If, therefore, the best form of macadam road is taken as a guide, 
and an adhesive and duotile binding agent is used in plaoe of water 
or moisture, the above proportions should be followed to obtain all the 
other constituent parts. 

Comparison with Cement Concrete.—If another example is sought 
for, the cement concrete foundation of a wood-paved road would 
probably serve, the floated cement coat not being taken into considera¬ 
tion. The usual proportions are 6 of Thames ballast to 1 of Portland 
oement and moisture. Screening out the stone above J inch and 
below •— 

3J- to 4 of stone above J inoh=60 to 67 per oent. 

2£ „ 2 „ sand below & „ =36 „ 29 „ 

1 „ cement =14-0 ,, 

If the amount of moisture is taken into consideration, then the pro¬ 
portions agree even more olosely with the above figures for a macadam 
road. 
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Cement concrete roads have not been considered to be a snocess 
on aooount of the non-resilienoy and the brittleness of the surface com¬ 
position ; tliis is undoubtedly the case, but whether it is a serious faotor 
is open to disoussion, and will be dealt with in a separate ohapter. One 
of the principal disadvantages was also that the conorete would craok 
and beoome unsightly. The writer laid an area m 1908 in order to find 
whether a thiokness of 3 inches would withstand traffic whioh was sub¬ 
jected to being tipped upon, and on whioh oabs and carriages were in 
the habit of standing, eto. The composition was of granite ohippings 
and dust, clinker f inch in size, sand and oement in the proportion of 
4 to 1, the proportion of fine material to coarse being about 55 per cent, 
to 45 per cent. The surface was ribbed about £ inoh deep and about 
4 inches apart. The ribs praotioally disappeared in two years, the 
surface was never slippery, there was not even the sign of a crack, 
and as it oost only Is. 4d. per superficial yard, it has been highly 
successful. It is probably due to the mixture of clinker ash with the 
granite chippings that the ooncrete faoe shows no signs of oracldng, as 
the porosity of this ash would allow the moisture that it may reoeive 
to expand in its own. interior. 

As, however, it is necessary to have a resilient surface, no further 
extension of this surfacing has been laid. 

BITUMINOUS MACADAM. 

Series of Experiments. —The first series of experiments oarried out 
by the writer were made with the objeot of finding the necessary duotile 
binding agent for the fine material. The trials with tar were not in any 
case successful, the tar not being sufficiently duotile, and to obtain 
ductility a large amount was required, which would prove objectionable 
in warm weather; when the quantity was reduced and hardened or 
softened, the composition was too hafd or too friable, not giving as great 
an advantage as could be gained by using Portland oement. This was 
an indication that tar, although it may be very adhesive and duotile 
in bulk, was not very adhesive or ductile when in a thin layer. There¬ 
fore, various bitumens were used, but Trinidad Lake bitumen gave 
the best results. 

Further knowledge of this material would seem to indioate that the 
suocess of this bitumen was due to the “ oolloids ” or fine impalpable 
powder or filler naturally placed in the bitumen, because subsequent 
experiments with tar adequately filled with fine material gave results 
which, if this oolloid theory had been realised at the time, would have 
encouraged this material 01 others to be more extensively tested. 
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Tests with Various Mixtures. —Having obtained this, it was thought 
that instead of large stone being used in the making up of the bituminous 
conorete, small-sized stone would give better results, and a number of 
mixtures were made, with the result that a small area was laid at a place 
where the traffic was sufficiently severe to test it, m the following pro¬ 
portions :— 


Limestone chippings, f inch 
Fine sand . 

Limestone dust 
Bitumen . 


. 54 per oent. 

• 20 

. 13-5 „ 

12-5 „ 


This seotion was laid m 1906, but after a few months, it having 
stood the traffic remarkably well, it was removed on account of oertain 
improvements that had to be made. A trial length was therefore laid 
m the spring of 1908 with an admixture of mastic asphalt, the fine 
material m the mastic having been calculated, the proportions were : — 


Granite chippings 
Sand 

Fine material 
Bitumen 


52 per cent.. 


26 

12 

10 


)) 

99 

99 


This failed after having been down about nine months, but in another 
road it still remains ; although it must be said that the traffic on this 
seotion, whioh was at the time somewhat severe, was for some reason 
or other taken off later on. The laying of this material also proved 
rather onerous, before it could be got into a properly consolidated state. 
Another sample was laid, using limestone chippings instead of gTanito 
chippings, in the plaoe of the one that lasted only nine months; this 
consisted of:— 

Limestone chippings . ^ 58 7 per cent. 

Sand . . . . 29-5 „ 

Bitumen.11-8 „ 

This material also required delicate handling when plaoed on the- 
road, as only a comparatively light hand-roller could be used to compress 
the mass together. But the results have been very satisfactory, and 
the section still remains, having been laid in May 1909. 

In the summer of 1908 sufficient information had been gained to 
justify the laying of a lightly trafficked street. The road was scarified 
and rolled until the foundation was sufficiently substantia], and the 
depth of 1£ inches'was left for the following composition :— 
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f-inch clinker 
Granite drippings 
Sand 
Fine dust 
Bitumen 


63 per cent. 

1-B „ 

23 

4 „ 

8-5 „ 


This road has required no attention since it was laid. The rolling 
of the material was carried out by means of a 10-ton steam-roller, with 
wheels 5 feet wide back and front, so that tho weight per foot was not 
very muoh greater than a hoavy hand-roller 

In May 1909 another road was laid, but in this case 2-inch granite 
was used together with chippmgs, and only tho dust of the latter to make 
up the fine material:— 


2-inch granite and drippings 

Sand 

Cement 

Bitumen > 


70 per cent, (about). 


16 

6 

8 


99 

99 

99 


This road has shown signs of disintegration, especially in the winter. 
Curiously, howovor, it closes up in tho summer, but it is evident that 
it would not prove satisfactory for heavy traffic. No repairs have had 
to be made to the surface, and probably for the road in which it is laid 
it will prove satisfactory ; the disintegration is where the traffic con¬ 
centrates in the oentro of the road, and it would only require to bo 
repaired by taking this portion out, and re-treatmg on a better basis, 
whenever the surface should demand it. 

In 1910 another road was laid q p somewhat the same lines, the 
finest material being cut down :— 

2-incli granite and ohippings . . 73-5 per oent. 

Sand.18-7 „ 

Bitumen .... . 7-8 „ 

This road has withstood the traffic remarkably well, but during the 
winter there was slight evidence of ravelling, which is probably due to 
either insufficiency in bitumen or that it was too hard; and as in the 
summer tho material dosed up with a satisfactory surface, this would 
indicate that the bitumen would be more satisfactory if it was of a 
softer consistency, and there was also an indication that the fine stuff 
was in too small a quantity. 

Causes of Failure and Successful Proportions.— Various alterations 
were made in the consistency to suit the defeats which developed, until 
;the constituents oame baok to the form in the macadam road, as was 
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the oase in the first experiments, exoept that the large stone was sub¬ 
stituted for the small. The most reoent and generally most satisfactory 
is inchoated m the following proportions :— 

Gramte and chippings . . . .61 per cent. 

Sand and dust.30 ,, 

Bitumen.9 „ 

Possibly an even better road will have the proportions about 55 per 
cent, and 4:5 per cent., but whether the stone be large or small, the 
division between the two must be between 60 and 60 per cont., and 50 
and 40 per cent., as is evident in the oase of the cement concrete ; the 
bitumen that is required m each oase being a matter of oaloulation and 
trial m a road surface. 

Another method which seems to have the elements of suooess, 
especially for light-traffioked roads, is to lay 

Gramte chippings, £ inch . . .58 per oent. 

Pine sand.30 „ 

Bitumen .... . 12 „ 

This material would be laid at least 2 inches thick on a good foundation. 

Tar Footpaths.—An examination of tar footpaths which have been 
down for at least fifteen years shows a very similar appearanoe in cross 
seotion to that whioh this form of bituminous oonorete takes, the differ¬ 
ence only being that the tar concrete is brittle and there is not quite 
the same proportion of very fine material in the mixture. A seotion 
of an asphalt mixture made with the same bitumen after about ten 
years was as lively as if it had only reoently been laid. The density 
of the composition has doubtless much to do with the bitumen retaining 
its elasticity after suoh a long period, but the oils wlnoh aro used to 
flux the bitumen are not so easily volatilised, as is the oase with the oils 
used for the fluxing of the pitch. Also, there are no constituents in 
the bitumen whioh become solid at or below 50° F., as is the oase 
with tar. 

Bituminous Macadam. —There are a number of interesting items in 
connection with the process of mixing this olass of bituminous concrete. 
The first is that every particle of moisture must be eliminated, and the 
stone is therefore heated to a high temperature, and whilst in its very 
hot condition is sent to the mixing pan. A definite quantity of stone 
and of bitumen is placed in the mixer, in order that eaoh batoh shall 
be precisely the same ; if the proportions vary there is at once evidence 
of a surplus of bitumen or a shortage of it. The composition must look 
rioh, but not so rich as to find its level too rapidly when plaoed in the 
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L*t. The appearanoe of the mixture to an experienced eye will enable 
aorreotion to be made. Even ^ per cent, addition of bitumen will 
tko a very groat difference in the oonsistenoy. The temperature of 
3 atone and the bitumen should be praotically the same while being 
xod. 

To try and make the mixture by hand is most arduous and alow, 
9 ides being unsatisfactory. The area laid by the writer with all the 
plianoes that are available in an ordinary municipal do p fit was only 
the rate of 9 cubic yards per day. The heating of the stone to the 
juired temperature (about 400° F.) was erratic, and by the time 
it there was sufficient heated to make a mixture the temperature 
d dropped to about 250° F. It was quite evident that rapid heating 
d the ability to store the stone in a hot state was necessary, and that 
3 mixture should be made equally rapidly was also essential. The 
no occupied in turning it over the number of times to ensure the whole 
the stone and fine material being thoroughly coated was so long 
it the composition could soaroely be lifted even with hot shovels ; 
3 men. were also oareloss about the heating of the shovels, getting 
3 m almost red hot and thus oarbonising the bitumen with whioh 
3y came in contact 

Plant for Bituminous Concrete —The pre-war cost of the maoliinery 
oossary to turn out about 60 to 70 tons per day was about £1500 1 The 
ichinory is by no means of a complicated character, but it must be very 
bstantial, as may be gathered from the character of the stone to be used, 
3 rapidity with which the mixture is made, and the quantity turned out 
r day. The same plant would be equally useful for mixing tar maoadam. 
Probably the most aocurato but more complicated method would 
to coat the aggregate, i.e. the largo stone first and then mix it with 
iimultancously prepared bituminous matrix; but, provided the heat 
the stone is maintained, there scorns to have been no difficulty in 
xing the whole of the material in one operation. 

Thickness laid .—About 4 miles of roads have been laid, and the 
iterial has been subjected to every variety of traffic. In no case 
s the thickness exoeoded 3 inches, i.e about 7 to 8 yards to the ton, 
d in some side streets it has been laid only 2 inches thick, 1 c. about 
yards to the ton. If lighter material than granite is used, the yardage 
proportionately increased to obtain the same thioknoss. 

The laying is oarried out in preoisely the same manner as for the 
iinary maoadam road, and with a similar steam-roller to that used 
macadam construction. It is, of oourse, laid while hot, and the 
Lling is brought right up to the area where the material is being laid; 

1 Present costs are about £4600. 
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.e. the rolling must be done while it is in a hot condition, in order to 
.ompress it to a proper thiokness and obtain a dense section. The 
veight of the roller should be 6 to 8 tons, not heavier, and the type of 
■oiler that will be most satisfactory both for this class of pavement 
md the tar-macadam pavements will be the rollers fitted with tandem 
vheels. Care has to be taken in laying, that if segregation has occurred 
n the cartage over a long distance, so to place the aggregate with the 
ine material, that it is not too muoh in any one place. About 500 to 
300 superficial yards oan be laid in one day, oomplete and ready for the 
traffic the following day. 

Fmishmq Surface .—When the rolling is completed and an oven 
surface is obtained, there is an appearance of holes which would hold 
water in. In order to give the structure time to work up and make 
i perfectly even surface with no crevices, a squeegee coat of bitumen 
s placed over the surface to ensure it being perfectly watertight, on which 
fc-inch clean chippings are lightly spnnkled. These are quiokly absorbed 
by the bitumen, but, just as the road is completed, it does not look as 
well as some might expeot; it, however, rapidly smooths out under 
traffic. 

Stones held, in •position by Matrix .—An examination of a section of 
the road structure so made shows that the stones are held m position 
by the matrix of finer material, and that this holding up of the stones 
may be regarded as permanent, one may therefore conclude that 
there will be no attrition of the stone in this form of construction, and 
that only aotual traffic wear should affect the material. This being the 
3ase, the aggregate may be altered to suit local circumstances; i.e. if 
a local hard stone is available, it might serve equally as well as granite, 
and be very much cheaper. The same argument applies in cement 
concrete, as broken bnoks and other locally obtainable hard stones 
are used instead of the hardest material, such as gramte, which might 
be assumed to be the best for cement concrete. 

Wearing Capacity—Local Stone as Aggregate. —The strength of a 
composition depends on its weakest component, and the same applies 
in road construction ; the wear of a road made up of a granite and a 
matrix of fine material and bitumen, depends on the wearing capaoity 
of the weaker of the two parts, whioh in this case is the matrix. It may 
therefore be assumed that a road composed of material that has an 
aggregate and a matrix will give more satisfactory results if the aggre¬ 
gate is of the same wearing capacity as the matrix; therefore, it may 
be found that limestone, Kentish ragstone, sandstone, and flag rook, 
which are all composed of somewhat similar partioles, will answer 
more satisfactorily than granite. 
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With, the object of testing whether an aggregate of this nature would 
prove satisfactory, the Hoad Board entertained a proposal, and seotions 
have been laid m a road having the same traffics passing over each 
section, the classes of aggregate being— 

(a) Granite. 

(b) Slag. 

(c) Kentish ragstone equal with limostono. 

(d) Flag rook (Yorkshire). 

(p) Picked olinkor refuse (destructor). 

In order to also test how much pitch and oil would detrimentally 
affoot the bitumen, there were, in addition, sections laid with the 
bituminous matter containing in one case 20 per cent, of pitoh and 



Fio. 33.—The white areas show the aggregate and the blaok areas the matrix. 


oil, in another with 30 per cent., and a third with 40 per cent., those 
seotions being duplicated in limestone and granite. As these areas 
were only laid in September 1911, no precise information can be given 
at present as to what the results arc likely to be. 

Tarred Old Stone Base and Bituminous Surface.— A further seotion 
has been laid using the old macadam taken from the road, passing it 
through the heater, and subsequently tarring it with a consistency of 
pitch and oil (84 per cent, and 16 per cent.), in accord as far as possible 
with the Hoad Board’s specification. 1 This was laid hot, and immedi¬ 
ately rolled to an even surface, on the top of which was laid a coat 
1 inch thick of the bituminous matrix for the surface wear. By this 
method the maximum use of locally obtained material is secured and 
a minimum of a proprietary material. 

The bitumen used throughout these experiments was the Trinidad 
Lake bitumen An actual sectional view is shown in fig 33. 

1 This is now substituted by the Engineering Standards Committee's specification, 
whioh appears in the Appendix. 


12 
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Tile weight of the various aggregates are as follows :— 


Granite 

Weight per 
Oubio Feet. 
. 90 lbs. 

Sand 90 to 107. 

Slag 

. . 96 „ 

Lime 30. 

Flag rook 

82 „ 

Chippings (granite) 85. 

Ragstone 

. . 82 , 

Dust ,, 

Clinker . 

68 „ 

Limestone (J to dust) 82, 


The speoifie gravity of the pitch was 1-33, and of the oil 1-06, the 
mixture being of specific gravity 1 : 27. The speoifie gravity of the 
bitumen was also 1-27. The amount of pitch and oil used in the tarring 
of the old macadam was about 7 per cent., the mixture being heated 
until all moisture was thoroughly eliminated and the surface in the pan 
was smooth and glossy at 270° F. 

Cost.—The cost of the bituminous macadam was in Fulham from 
3s. Id. to 4s. 3d. per superficial yard, allowing in some cases for the 
old material that was taken out of the road at about 6s. per ton (which 
had been used in the bituminous concrete). 

The road structure that appears to the writer to give the most satis¬ 
factory resultSj having regard to its first cost (in normal times), its life 
and capacity for resisting, practically speaking, any form of traffic, its 
cleanliness, and low maintenance, is the two-coat bituminous paving. 
The fact that so many kinds of materials have been used to form the 
aggregate gives it a much greater recommendation for favourable con¬ 
sideration also because the only imported material is the bitumon, which 
amounts to a small peroentage of the whole. 

The base-ooat is laid 3 inches thick and is, so far as the aggregate is 
conoorned, made precisely as cement conorete is made, and, practically 
speaking, in the same proportions. The material should be broken with 
sharp arrises, but it maybe composed of clinker, broken sandstone, lime¬ 
stone, granite, eto. etc. The old granite taken from an existing road, 
moluding the f-inch, £-mch, J-inch, and a small peroentage of dust, will 
equally serve. This should be heated and mixed with hot tar to a con¬ 
sistency of about 120° at 60° F. in a penetrometer. It will spread at 
the rate of 7 to 8 yards to the ton and give the necessary thickness. 
This should cost not more than about Is. 9d. per superficial yard laid. 
The surface after rolling—which is to be done while the material is still 
hot—will or should give by the number of crevices a good key for the 
surfacing mixture ; if it is too smooth, it is evident that there has been 
too much fine material m the mixture, and the excess should be removed. 

The bituminous surfaoe coat may have an aggregate of sand, granite, 
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dust, and cement, or any other free mineral substance which will give 
an equal grading to those shown elsewhere for wearing-surface mixtures. 
If limestone, sandstone, and granite are to be employed, or any other 
stone which requires breaking, probably the best form of crusher for the 
purpose is what is known as the “ Lightning Crusher,” which from the 
examples submitted to the writer gives a very good graded material; 
but the grading must be carefully adjusted, and it ih better to obtain 
sand if it is available of the necessary size. Tho cement is not used 
because of its cementing qualities, but because of its fine grading ; any 
other free powder similarly graded will servo the purpose equally well. 
The amount of bitumen oan be easily calculated. 

The author has used Trinidad Lake bitumen, but it is not necessary 
that it should be strictly confined to this bitumen if others will give 
equally satisfactory results, as there is promise in that direction. Using 
the bitumen as indicated, the cost pre-war is as follows :— 

17 per cent Trinidad Lake fluxed bitumen, £0, 10s. 1 £1 3 0 


15 ,, oemont, £1, 10s. a . . . 0 J (i 

08 ,, sand and granite, Os. . 0-11 

Heating and power . ....035 

Labour . .......030 

Other charges . . . . . . . .020 


£2 0 0 8 

This would spread at the rate of 20 yards to the ton and bring tho cost 
to 2s. per superficial yard. The cost of laying, cartage, rolling, cto., 
would be about 9d. per superficial yard, making a total of 4s. 6d. per 
superficial yard 

Where heavy traffic is in evidence tho thiokness would advisedly be 
increased to about li inolies. 

Whenever any worn area requires to be repaired, this oan with 
comparative ease be rapidly earned out, even if it is only required to 
be | inoh or 1 inch thiok 

Efficacy considered.-- The road constructed of bituminous macadam 
has been subjected to moderately severe tests, and has come out of them 
so far in a remarkably satisfactory manner, especially so when tho cost 
in considered It would seem that for roads with such traffio as is indi¬ 
cated by the three tables on pages 183-5, it would prove to be a very 
useful pavement, but there must bo a limit because of the nature of the 
material making up the composition ; 60 per cent, is stone, the partioles 

1 Present cost = £17 per ton. * Present oost = £t per ton. 

8 Present oost = £4, 10s. per ton. 
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of which are bound together by an agent totally different from that of 
the remaining 40 per cent., whioh is composed of partioles bound together 
with bitumen. The two materials must at some time or other come into 
opposition, and it may be assumed that this will be the case when the 
traffic is severe and continuous. When the weather is agreeable to 
both, probably the material would withstand any traffic, however severe; 
if the weather should be too hot, the possibilities are that the surface 
might become somewhat soft, and on this account be affected adversely ; 
it has been pointed out that the writer has had some defective areas which 
have been evident in oold weather, due to an insufficient quantity of 
bitumen, or probably to a too rigid adherence to a specific formula, apply¬ 
ing it to both light- and heavy-trafficked roads. Light-traffioked roade 
may be dealt with successfully even where there may bo a comparative 
weakness in bitumen, but where the traffic is heavy and concentrated 
the formula must be amended and the amount of bitumen increased 
This assumption is essential from an analytical examination of the struo 
ture. The inoreased quantity in the structure allows the large stones tc 
have a better oushion, and supplies the resiliency of whioh the cold 
weather has deprived the structure by increasing the hardness anc 
rendering the air-spaoes less effective. 

One method for securing this is to reduce the size of the stone iron 
2 inches to 1 moh • the bitumen would have to be inoreased, but tin 
advantage of using the larger stone is that the old stone in the road maj 
be used, and it would involve greater oost if it had to be broken to t 
smaller size. 

It is the amount of bitumen in the bituminous surfaoe mixtim 
which makes this pavement the success it is under heavy traffic. Eaol 
particle is embedded in the bitumen, which even in cold temporaturei 
has sufficient viscosity and ductility to take up and transfer the pressur< 
to the adjoining particles, and in this way no particle is materially 
altered in its position. This surfaoe mixture on a tarred old maoadan 
base will probably be more satisfactory from every point of view, but ii 
the meantime the process requires to be treated carefully as to the satis 
faotory character of the tarred foundation, the outcome of which, in th 
writer’s opinion, is oertain. This mixture has already been proved j 
success for many years on bituminous conorete base, and the tarred bas 
ought to be equally satisfactory, sealed as it is away from the atmosphere 

Scientific Examination —It will be seen that in road constructio] 
there is room not only for considerable scientific examination as to th 
suitability of the various materials making up the composition of a roai 
structure, but also into the composition as a whole, together with a 
examination into the exaot limits of any particular form of constructio 
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for any definite olass or rate of traffic. The results oan only be definitely 
determined after several years’ actual traffic and weather conditions 

With motor traction and resilient tires such tabled information will 
have greater value than could be possible with horse traffio and non- 
resilient tires in the majority. 

Further, considerable knowledge, skill, and sympathy will be required 
in order to obtain the successful results that are sought for. Road 
structures must not in the future be left to the oare of the “ old hand,” 
scientific methods must prevail not only with the staff, but with the 
employees engaged in mixing and laying the material, and still more so 
with those engaged in repairs. 

In laying the material down on the road, the weather conditions 
must be studied and prepared for ; the surface of the base-coat must be 
clean and dry. In laying the topping or wearing-surface mixture, oare 
must be oxeroised that the tools employed are not too hot, so as to burn 
the bitumen to coke ; the material must be well raked and punned in 
with the back edge of the rake so as to ensure an even thickness. If it 
is not done evenly, the unevenness will be exposed as soon as the roller 
passes over it, there will be patches of a lioneyoomb appearance The 
jointing up with the area laid the previous day must be overlaid with 
hot material in order to soften the previously laid material; then, when 
it is sufficiently softened, it will make an adhesive and complete joint. 
Special tamping at the joint will also be neoessary before the roller is 
allowed on to the new work. Where manhole oovers are placed in the 
road there should be a slightly increased thickness immediately sur¬ 
rounding the cover, and this also specially tamped; at the junction 
with the channels it must be similarly treated. 

The rolling should be longitudinally and oross-rolled and in half¬ 
circles so as to ensure a good surface. 

Repairs. —When repairs are to bo made it is usual to employ fire 
baskets or gas burners. The fire basket is about 5 feet x 2 feet x 9 inches, 
and is made of iron wire interlaced so as to give about lj-inoh mesh. 
A coke fire is plaoed in this oagework and the bottom of the framework is 
kept about 6 inohes from the surface of the road to be treated, by means 
of supports. At one end is a trolley wheel and at the other end are 
handles, so that the basket can be quickly moved from one area to another. 

The heat softens the wearing surfaoe and it oan be easily shovelled 
away, leaving the base exposed. If it is only a patoh that is required 
to be made, the area outside the portion shovelled away is out vertically 
by means of a ohisel and hammer, leaving a regular thiokness of at least 
£ inoh. 

If the material has not been burnt but merely softened, it oan be ie- 
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molted in a suitable pan and used with, now material to make up tho 
amount required to make a sound job. The same oaro and tvoublo must 
bo taken in laying this area as in laying tho new material. Frequently, 
however, tho men employed do not exercise that care and judgment wliioh 
is necessary to ensure a satisfactory job 

Tho pan that is used for reheating the wearing-surface material is 
similar to an ordinary sand-drier. It is about 7 feet long and -l feet wide; 
tho bottom is a curved plate, and on tho top are oovers which can be 
opened and closed in two lengths. Under tho bottom plate is a second 
plate placed about 2 inohos below tho first one, and this second plate 
is in direot oontact with the firo underneath. If ordinary care is exer¬ 
cised it will bo evident that the material cannot bo burnt in Huch a 
machine ; but from tho results m some instances tho stoking must have 
been very severe or the material left in for an excessively long time, 
because in a few weeks the material has disintegrated and it is quite 
evident that tho bitumen has been coked. 

Tho repaired area, in fact, if it is carefully attended to, should be 
fully equal to tho material wliioh was laid originally. 

Tho tests mentioned on page 177 have been in existence about seven 
years, and the provious notes werowritten in 1912. Tho results,although 
satisfactory from the point of view of the cost over what was the case when 
the roads were macadamised, are not so satisfactory as had boon hoped for. 
On the other hand, valuable information has been derived from them :— 

(а) The granite section was the most satisfactory, and lasted about 

six years. 

(б) The slag section was not very satisfactory, and was very little 

better than the three following sections :— 

(c) The Kentish ragstone after the seoond year pulverised, and the 

fraotured stone became easily noticeable. 

(d) Flag rock had the same characteristic. 

(ft) Piokod clinker refuse was, if anything, hotter than tho provious 

three, (6), (c), and ( d ). 

Many repairs had to be made in all the seotions except (a), until 
eventually it was decided to use the material again by taking it up, 
heating it, and laying it down again as a base for a wearing surfaoo of 
bituminous material. 

Conclusions from Tests. —It was very evident from a close examination 
that where tho stone fractured, the fragments would for some time 
remain embedded; but they gradually wore, and although this material 
amalgamated with the surplus bitumen, long hollows were formed so 
that in places the original thiokness was somewhat exceeded, and there 
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Three Roads , treated with Bituminous Macadam. 
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27.B .—The traffic in this oase concentrates on a width of 14 feet, and the tonnage per yard width should read 27. 









March 1911.—Ojtb Week’s Traotio taken at Hauord Boas, ~FTr r.Tr am . Road Width 10 77 Yards. 
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1911 .—Onu Week’s Tbajtfio taken at Baquby’s Lajte, Fulham. Road Width 9-77 Yabds 
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was an indication that if tho stone had boon reduced to a size that would 
not bo fractured by surface contact of traffic, it would have lasted 
satisfactorily The granite macadam, however, did not fracture, but in 
a largo number of small areas it seemed as if it was disintegrating, and 
small stones could be easily picked out. It was, however, loft in this 
state during tho winter, and when tho summer arrived again thcHo places 
were not apparont; they had roamalganmted with the, bitumen remaining 
in the immediate neighbourhood of these stones, and the surface, became 
more or loss ovon again in an extraordinary manner. This plume of dis¬ 
integration and subsequent amalgamation went on for over two years, but 
eventually tho bitumen failed to act and the pavement had to be dealt with. 

Bitumen not at fault.—In other roads whore the, same class of bitumen 
had been used m a different manner with fine material tho road had lasted 
fifteen to eighteen years; it was evident, then, that tho bitumen was not 
at fault, but that it was the struoture or the amount of bitumen. 

In tho structure there was only about 8 per cent, of bitumen, but 
whon the material was laid there seemed to bo more than was necessary 
It was a very rioh mixture, and when tamped it was evidently in excess. 
It was noticed, and commented upon at the time that when the roller 
passed over it in its hot state, tho mass seemed to act as if it was u void¬ 
less structure—it rose in front and at the sides of the wheels ; when it 
oooled, however, this was not apparent, which seemed to demonstrate 
that tho bitumen when hot was in a very expanded state and that it 
contracted on cooling. 

Expansion and Contraction of Bitumen.--The writer therefore tested 
tho bitumen for expansion and contraction, and found it equivalent to 
Tj-jjTj- of its bulk for every 10° F. inoroase of tomperaturo. 

After taking into consideration the atmosphorio conditions that tho 
pavoment was subjected to, it was not difficult to arrive at the conclusion 
that this was the oause of tho failure of tho bituminous macadam form of 
construction. A difference of 82° F. has boon noted in one day’s tem¬ 
perature, and this would account for a vory considerable expansion or 
contraction. With only 8 per cont. of bitumon in tho struoture it ought 
not to have affected it adversely, but when allowing for tho different 
specific gravities of the aggregate, this percentage of bitumon by weight 
was found to be equal to 21 per cent, by volume. As the Htoncs wore 2 
inohoB deep, and the bitumen would bo affeotod to that dopth by any 
weight on a particular stone, the expansion would bo a serious item. 

As will be Hoen later, the thickness of the film of bitumen would not 
bo more than -yfoj- inoh; tho bitumen would be therefore subjected to a 
ductile foroo equivalent to several times its own thickness. The ductility 
of bitumen does not generally allow for so groat a strain as this 
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without breaking, therefore the bitumen would, be fractured, if the traffic 
passed over the stone under such conditions, and as the bitumen would 
not necessarily combine, moisture would penetrate and cause eventual 
trouble. 

Size of Stone in Wearing Surface. —It is subnutted therefore that, 
whore bitumen is to be employed in a surface structure submitting to 
heavy traffic, no particle should bo in the surface larger than x \ to £ 
inch, and any surface structure which contains larger material should 
only be used in roads where the traffio is limited, or confined to those 
plaoes where tho temperature varies within small limits. 

It was for these reasons that a wearing surface consisting wholly of 
fine material and bitumen was used to take tho place of tho material 
that had been usod m the trials, this surfaoing being placed on the top 
of the bituminous macadam which had been removed, reheated, and 
placed in position to a depth of about 2£ inches, thus forming what has 
been called a two-coat pavement, one ooat forming tho base for the 
wearing-surface coating. 

Analysis by Weight and Volume.— 111 a preceding paragraph mention 
is made of the percentage by weight and volume. In asphalt pavements 
it is rcoogmsed that a good deal of attention must be given to the analysis 
of tho composition in regard to the amount of bitumen as compared with 
the aggregate, and all analyses arc made by weight. Probably no two 
oases whore these comparisons are made have tho constituents of the same 
specific gravity. The spocifio gravity of the materials may vary between 
0-4 and 3, tho former being vegetable fibre and the latter being cement. 
Where ordinary stone is employed tho specific gravity may vary between 
2-4 and 3 The specific gravity of bitumen is about 1-06. It is obvious 
that if 10 per cent, bitumen is placed in two compositions wliioh are 
respectively 90 par cent, with a spocifio gravity of 2-4, and 90 per cent, 
with a specific gravity of 3, the actual amount of bitumen is loss in 
the one than in the other, although the size of tho stono may be precisely 
the same in both cases ; e.y. A, suppose 90 lbs. of material of specific 
gravity 2-4 of a fixed size requires 10 lbs. of bitumen to properly coat 
it, then the volume is represented as follows :— 

Material= 37-5 =80 per cent, volume 

Bitumen = ^ ^ =20 „ ,, 

46-93 

B, 90 lbs. of material, specific gravity 3, of the same fixed size as in A, is 
coated with 10 lbs. of bitumen; here the volume is represented as follows:— 

Material=30-0=76 per cent, volume 
Bitumen=9-43=24 ,, „ 
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The difference is equal to 4 per cent, of the volume; that is, thoro is 
20 per cent, more bitumen in B than in A, and this may be of import¬ 
ance beoause it indicates that if A failed, B would not necessarily do 
so from a shortage of bitumen, whereas it might be assumed that B did 
not fail because the material was of a bettor character. It is ovident, 
therefore, that wrong assumptions may be easily arrived at by making 
comparisons from an examination of the weight analyses only. 

Amount of Bitumen to be used In Mixtures. —Having regard to the 
factors that have been raised in the foregoing, it is important to have 
some method which will enable the amount of bitumen to be determined 
that should be employed in a bituminous structure suitable for a wearing 
surface. The following explanation of an examination into the struc¬ 
tures which have been laid down in this country will bo found to be of 
interest, as from it can be formed a clear specification whioh, provided 
the bitumen is satisfactory, should prove suitable under conditions which 
apply in the British Isles. Where temperatures are higher, probably it 
will be found that the film of bitumen need not be so thick. In oold 
climates the thickness might have to be increased. 

A series of calculations of the surface area of partioles was first made, 
and in order not to oonfuse the matter each particle was assumed to be 
a cube. The particles are not cubes, but whatever the aotual surface 
area may be, it is probably the case that the surfaoe area of a cube 
multiplied by a constant will give the true surfaoe area, because the 
results of the comparisons of various pavements show that the method 
adopted is satisfactory. 


Table XXIX -*-40 Per Cent. Voj.ds. 


200 mesh=0-08 mm. has a surface aroa 13,728 sq 

ft. 


100 „ =0-13 „ 

91 

19 

8,440 

99 


80 „ -0 20 „ 

99 

99 

6,400 

91 


60 ,, =0 26 „ ,, 

99 

99 

4,224 

99 


40 „ =0 40 „ 

99 


2,746 

99 


30 „ =0'68 „ ,, 

99 

99 

1,802 

99 


20 „ =0-84 „ 

99 

91 

1,307 

99 


10 „ =160 „ 

99 

99 

732 

99 


1-in. ohippings 



613 

19 

(172)1 

|-iu „ . . . 

. 


3 66 

99 

(86)i 

|-in. „ . 

, 


177 

99 

(67)i 

1-in. „ . . . 

, 


100 

99 

(43)1 

lj-m. stone 

> 


212 

99 

(28)i 


1 The figures in braokets are the superfioial areas if the Btonea were cubes, but 
the lj-inoh ohippings, eto , are not oubes but of greatly varying shapes, and the areas 
given without braokets are the oalculated areas based on the amount of bitumen 
that was required to oover them in the same proportion as would be neoessary in 
the foregoing sizes of material of this table. The exoess is due to the minute corru¬ 
gations and rough faces of the fraotures of the stones. 
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Then, taking three analyses which are fairly representative of two 
rook asphalts, A and B, that are successfully used in London, and one 
artificial asphalt, C, out of a series of tests. 

Areas as calculated from Table I. : 


A= 9370 sq. ft. Sp. gr. of aggregate 2-65. Sp. gr. of bitumen 1-06 
B = 11319 „ „ „ 2-65 „ „ 1-06 

0 = 5846 „ „ „ 2 72 „ „ 106 

Therefore specifio gravity of A as a mass =2-477 
„ „ B „ =2-43 

„ „ 0 „ =2-58 


A 


2 477x10-87x12 
1 06X9370X100 


= -000325=thiclQiess of film. 


2-43 X13-62X12 
1-06 X 11319 X100 : 


■000331= 


0 


2-58X13-45X12 
1 06X5846X100 


= •00065 = 


>> 99 


9 > 99 


Formula for calculating tliicknoss of film from an analysis :— 
a —area of faces of all grades 111 squaro feot. 
s=specific gravity of mass of mixture of bitumen and aggregate. 
6=percentage of bitumen in mixture. 

l-06=specific gravity of bitumen. 

Thioknoss of film = s X & X12 . 

■ 1-06 X ax 100 


Table XXX. 



A. 

B. 

0. 

Bitumen. 

10-67 

13-62 

13-45 

Passes 200 mesh 

51-85 

75-64 

14 86 

,1 100 >1 • 

16 73 

7-33 

16-25 

„ 80 „ 

7 25 

126 

10-07 

„ 50 „ 

3-70 

0-54 

34-54 

,, 40 „ 

, , 


1 88 

„ 30 ,. 

8-04 

i-bi 

2 50 

„ 20 „ 

1-04 

0-31 


„ 10 , 

0 01 

0 15 

1-87 


Allowing for the difference in speoifio gravity of the mineral matter 
in each case, the film which covered eaoh particle was A=0-000326, 
B=0-000331, and 0 =0-00065. 

This indicates that the ooating of the natural rock is much more 
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effective and leas wasteful in bitumen than it is possible to employ in 
artificially made asphalts to the extent of 100 per cent.; in other words, 
we use m artificial mixtures just twioe the amount that nature employs 
in the natural rock which is used for the same purpose. 

Numerous examples have been tested, and they all follow the same 
lines and give approximately similar results. This being the case, it 
is not difficult to formulate a table which will denote the amount of 
bitumen required in any grade of material that may be selected as a 
structure. 

Table XXXI.— Percentage of Weights op Bitumen 

REQUIRED TO COAT 1 CUBIC FOOT. 


TU- 

200 

100 

80 

50 

40 

30 

20 

10 

Material. 

Mesh 

Mesh. 

Mesh. 

Mesh 

Mesh 

Mesh 

Mesh 

Mesh 


Sp. 

gr 

10 . 

84 90 

52 2 

33 92 

26-10 

16 96 

11-68 

8 08 

4 52 


99 

30 . 

28 30 

17 4 

11 31 

8 70 

5 65 

3 68 

2 60 

151 

99 

99 

2 82 . 

30 11 

18 55 

12 05 

9 27 

6 01 

4-14 

2 87 

1 80 

99 

99 

2 65 . 

32 04 

19-69 

12 80 

9 86 

6 41 

4 41 

3 25 

1-70 


From a table built up on lines that are here indicated it is possible 
to compare the effect of bitumen on materials, and it would enable 
engineers who have before them a successful and unsuccessful pavement 
in the same area, to inform themselves whether the bitumen is of the 
same thickness per superficial area coated in the one case as the other. 

Examples of Effect of Grading on Amount of Bitumen. —For example, 
suppose that the materials in two examples are the same specific gravity 
but of different grading, but that the percentage of bitumen by weight 
was the same in both instances. 

Table XXXII. 

A B. 


Bitumen . 

per oent. 

12 


per oent. 

12 


200 mesh . 

15 

4-80 

25 

8-01 

100 „ . 

16 

2 96 

18 

3 54 

80 „ . 

8 

102 

12 

1 54 

50 „ 

20 

1-97 

10 

0-98 

40 „ 

15 

0 96 

5 

0 32 

30 „ . 

8 

0-36 

4 

0-18 

20 „ . 

4 

013 

7 

0 23 

10 „ . 

3 

0-05 

7 

0-12 


100 

12 15 

100 

14-92 
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It will be seen by taking the specific gravity as 2-65 for the mineral 
matter and multiplying the percentages in the analysis by the figures 
in the table for the various meshes at a specific gravity of 2-65, that the 
percentage of bitumen in A is very nearly the amount that is found to 
be necessary in an artificially manufactured asphalt, but in the example 
B there is a shortage of 2-92 (or about 25 per cent, short of the required 
amount of bitumen). In other words, the thickness of the film m A is 
approximately 0 00064 inch, whereas in B it is only 0-00051 inch. In 
consequence we can judge that if A was successful and B was unsuccess¬ 
ful one of the reasons of failure could be attributed to a shortage of 
bitumen, and that therefore it is plainly evident that a superficial ex¬ 
amination of the weight analyses of asphalt mixtures is not a guide to a 
true examination, and it will be seen that every phase of grading, volume, 
and specifio gravity must be considered before a comparison is made. 

Amount of Bitumen in Natural Asphalt. —It must not be taken that 
the writer is laying it down as a rule that the film should bo of tho 
thickness set forth. Natural rock asphalt has a film of Ijitunion thick¬ 
ness only half that of tho artificially manufactured asphalts. It is 
probable that by improved machinery or methods of mixing it may 
be that the percentage of bitumen 111 the artificial asphalts can be 
brought to that of the natural rock. This is well worth investigation, 
because the cost of the bitumen in the artificial mixturo is equivalent 
to about 66 per cent, of the cost of the mixture, and a reduction would 
materially alter the cost of the mixture, and roads would be in that 
respeot greatly cheapened in cost. The possibilities of such a result 
eventuating are not remote; the results of manufacturing cement 0011 - 
orete bricks as described on page 216 are sufficient to indicate that as it 
is possible to use half the amount of cement in cement concrete and 
obtain equal results to what are obtainable with double the quantity, 
it may be equally possible with bitumen, and especially as in this oaso 
it is done by nature. 

The writer is convinced that tho above tables can bo used in the 
same direction and with similar results in cement ooncrete, the cement 
being taken as oooupying the relative position of the bitumen in asphalt. 

Voidless Structures. —Another experimental Bcries took tho form of 
voidless structures artificially made. A measure exactly 1 foot in every 
direction—length, breadth, and depth—was used, and filled with 
variously graded materials It was filled first with l^-inch granite and 
the weight was 97 lbs., equal to 55 per cent, cubic feet of granite, or 
45 per cent, voids. But the 97 lbs was removed, and into the spaoes 
were inserted 28 lbs. of £-inoh chippings, 29 lbs. of fine sand, and 7 lbs. 
of cement; the total weight was 161 lbs. 
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The volume represented by these was respectively 55-0 per cent., 
5 3 per cent., 17-3 per cent., and 3-6 per cent., or a total of 91-2 per 
ent.; i.e. 8-8 per cent voids. Similarly with £-inch chippmgs, 97 lbs., 
he spaces were filled with 33 lbs. and 8 lbs. cement, the total weight 
>eing 138 lbs., and the voids=21 per cent. Using granite dust, i.e. £ 
o powder, the weight was 116 lbs., to which 14 lbs. of sand and 5 lbs. 
if cement was added=135 lbs. The voids m this case were 23-6 per cent. 

The smaller the aggregate the greater the voids ; it is clear that the 
Jffioulty is to place the particles in the voids that remain among the 
mailer particles. 

It is evident that in the three oases illustrated a perfectly voidless 
tructure would be Beoured by the addition of bitumen to the amount 
if volume of the voids represented in each case, i.e. 8-8 per cent., 21 per 
ent., and 23-6 per oent. 

By the table above, the amount of bitumen necessary to coat each 
lartiole is 3-6 per oent. or 8 8 per cent, of the volume in the first case, 
.e , just the ^amount required to fill the voids; 10-8 per cent, m the 
econd case, i.e. 10-2 per cent, less than the percentage of voids; and 
n the third case 13-60 per cent., or 10 10 per cent less than the 
percentage of voids. 

Even supposing that such percentages of bitumen could be coated 
m to the particles, it would not make a satisfactory structure, the mass 
vould be easily crumbled , this would be apparent if a sample was mado> 
md it would be clear that if the Table A was used without taking into 
sonsideration the factors necessary for a good structure, it would be 
nisleading. In the case of the first of the last three examples, the full 
quantity of 8-0 per cent, by weight is necessary to make a good con- 
irete which is useful both for the surface of a lightly trafficked road 
luch as would be found in the side streets of any town; but it makes 
in excellent and eoonomioal base of a “ two-coat ” pavement, even if a 
rory heavy tar mixture is used of the same oonsistenoy as the bitumen 
ihat is generally adopted as suitable for the upper surface. It is im¬ 
probable, in the oase of the voids being filled in the other two examples, 
»hat the composition would hold together under traffic for any length 
if time, so that the mere formation of a structure which has for its 
ibjeot a voidless mass must not be taken as providing a good road 
itructure; but, on the other hand, it must not be assumed that a void- 
ess structure differently oomposed would be a failure Mastio asphalt 
s voidless except perhaps for the enclosed spaces which are formed by 
he gases contained in the substance while in a hot condition, and which 
<n cooling contract and become liquid again, leaving these enclosed 
paces, thus forming in eaoh case a number of miniature voids. 
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Fine Material Important in Mixture. —From the previous examina¬ 
tion of the “ ooUoid ” theory m bitumen, we may suggest that as fine 
material is important m the bitumen, so also is fine material of the highest 
importance in the struoture m which the bitumen is to be employed. 
The bitumen must be conveyed and brought into contact with every 
particle forming the aggregate, and although m theory this would be 
secured by making a voidless struoture, it is practically impossible to 
oonstruct and lay down a voidless structure in a road with a material 
in which bitumen is to be employed The temperature of the com¬ 
position when it is being laid is 325° to 400° F. It has been explained 
that when it is in a hot condition the bitumen is in an expanded state. If 
it is rolled when in a hot state, the surface thereby is sealed. Any person 
passing by can smell the peculiar odour which comes from tho bitumen. 
This at once informs us that certain parts of the bitumen are in a volatil¬ 
ised state ; and if this is so from the surface, these gases must bo formed 
111 the structure itself, as the bitumen contracts when ooolmg. After tho 
rolling has stopped, the contraction will cause spaces to form 111 the 
struoture 

Voids In Compressed Asphalt. —An examination of a section of cold 
asphalt: taken from the road will indicate that whatever compression 
has been given by tamping or rolling, the compression is very muoh 
more distinot near the surface and very indistinot at the underside of 
the sheet of asphalt. Microscopically examined, it has been esti¬ 
mated that the compression at the surfaoe is full, but at the underside 
is equal to 85 per cent. Thus the average percentage of voids is 
per cent. 

Whether it is this that causes the necessity of providing a larger 
quantity of fine material to be used, it would be difficult to say, but 
there remains the fact that in every instance of a good and lasting 
asphalt pavement the amount of fine impalpable material is very con¬ 
siderable. 

Take the two examples of natural rock asphalt that are given on 
page 189. The percentage of fine material of 80, 100, and 200 mesh is 
very high: in Ait is 75*83; in B it is 84*13 per cent.; in C, an artificially 
made asphalt, it is 47*18 per oent. 

In all the examples of paving which have given a satisfactory surface 
lasting over ten years under heavy traffic, the amount of dust which it 
is apparent should be moluded in the mixture is at least 35 per cent., 
and not less than J of this percentage is of 200 mesh or less size. There 
are some successful cases where there is an exoess of bitumen, in which 
case the bitumen takes the plaoe of the dust and it becomes a mastic 
as distinot from an asphalt. 


13 
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Proportion of Grading. —The rule that the writer suggests should 
be adhered to is that the aggregate in a wearing surface should 
consist > of a composition of grading somewhat on the following 
lines.—two-fifths should be of 200, 100, and 80 mesh, the greater 
proportion being of 200 mesh; two-fifths of 50 and 40 mesh; and the 
grades 30, 20, 10 and below 10 one-fifth ; the largest size of material not 
to exceed J inch 

Film Thickness. —The film of bitumen should be 0-00065 inch 
thick. 

Test with Tar. —In order to find whether the filling of the bitumen 
had any material benefit, a test was made with tar, which was liberally 
treated with a finely divided filler. When this was properly incorporated, 
an asphalt-wearing surface was made of similar mixture and grading 
to C on page 189, but instead of bitumen the treated tar was used. 
Although the result was not as good as that obtained from the bituminous 
mixture, it was surprisingly better than was ever anticipated, and sub¬ 
mitted to heavy traffic for several years 

Expansion and Contraction of Bitumen. —The road is subjected to 
weather, varying temperatures, a variety of traffic, and varying intensity 
of traffic 5 it may be fairly conjectured, then, that it is the expansion 
and contraction of the bitumen that is the main cause of its failure 
in many of those instances where failure has occurred. These failures 
will be reduced by providing such an amount of fine material that 
the bitumen is brought into multitudinous contact by such small 
particles that, although the expansion of the bitumen takes plaoe, the 
effect is very small and the traffic cannot disturb it to any material 
degree. Another method is to use a harder bitumen not so easily 
affeoted by the temperatures of the atmosphere; but in this case the 
bitumen must be m excess, and will form an asphalt more in the form of 
what is known as mastic asphalt. 

Success obtained from proper Grading. —In the writer’s opinion 
those are, with the grading of the aggregate, the main factors which 
will go far to ensure success for a paving in which bitumen is used as a 
binding agent. 

Clinker Refuse from Destructor.— In 1903, for the purposes of making 
a quantity of paving slabs with clinker refuse from the destruotor, a 
plant was installed which consisted of a crusher whioh roughly orushed 
the clinker and then, passing through a screen, fell into a second soreen 
in which was a paddle lift which carried all the material that failed to 
pass this screen to a granulator which ground the clinker until it 
was able to pass the screen. By this means the following grading was 
secured:— 
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Passing 200 mush . . . 10-3 per oent. 


99 

100 „ 

. 5-5 

99 

9 9 

80 „ 

4-1 

99 

1 9 

DO „ 

10-6 

99 

9 9 

.'30 „ 

. 26-5 

99 

9 9 

20 „ 

. 0-1 

9 9 

1' 

10 „ 

. 28-3 

99 

Oil 

10 „ 

. 5-0 

99 


100 


This grading was near to that required for an asphalt-wearing sur- 
faoo. A number of small experimental areas were laid down composed 
of this material with the requisite amount of the finer grades in 1908 
and following years and proved satisfactory. 

Thero seems no reason why this material should not be more exten¬ 
sively used where it is available and where fine sand is not obtainable. 
The difficulty that had to bo overoomo was keeping the fine material 
that is already in the aggregate in the mixture. The aggregate had to 
be heated to about 600° F., and these fine particles did not pass through 
the heater at the samo pace as the larger of the small particles, and a 
proportion was lost or floated in the chamber and found its way into the 
flues, from whioh it had to be extracted and added to the composition ; 
whereas, in the ordinary method of using sand and cement, the cement 
which is 200 mesh is added at the mixer, and hence it is always known 
that there is the required quantity of impalpable powder in oach batch 
mixed. This is a difficulty which can be got over by spooial machinery 
whenever it is intended to use this olass of material. 

Dust from Granite Roads. —From granite muoadam roads the mud 
and sweepings (apart from the manure and vegetable matter), when 
dried and sifted, indicate that in this material a good grading can be 
sooured. The analysis is as follows :— 


Passing 200 mesh 


23 per oent. 


99 


99 

99 

99 

99 


100 „ 



9 

99 

80 „ 



8 

99 

CO „ 



D 

99 

30 „ 



. 30 

99 

20 „ 



. 10 

99 

10 „ 


. 

. 15 

99 


100 
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Wood Flour. —When the fine material of 200 mesh is difficult to 
obtain, oement is always available, not for its oementing properties but 
merely on acoount of its fine grading The oement is in some places 
very expensive, whereas a material like wood flour may be available; 
and as the speoifio gravity is about $ that of oement, its bulk is six times 
as great as cement, and it may therefore be much less oostly for a filler. 

An analysis of a sample that was submitted showed :— 


Passing 200 mesh 

19-1 per oent. 

„ 100 „ 

. 19 0 „ 

» 80 „ 

■ • 19-1 „ 

„ 50 „ 

23 8 „ 

)i 80 ,, 

19-0 „ 


100-0 


This material might be more successfully employed in the manuf acturo 
of asphalt blocks rather than in an in situ pavement, because the wood 
fails to retain heat long enough to enable it to be oarted any distanoo 
from the mixing works, and hence it will be so oold when it arrives at 
the site that difficulty is expenenoed m laying it in position. 

The foregoing Tables are used in the Examination of the following 
Road Sections. —A few examples of analyses of various pavements that 
have been laid down by different firms in the British Isles will perhaps 
be instructive of the bitumen oontents and films as worked out from 
the methods suggested in this ohapter ■— 

Example A. 


Bitumen . 

. 10-37 per oent. 

200 mesh . 

■ 1-97 

100 „ . 

5-03 

80 „ . 

■ 4*77 

50 „ 

34 50 

40 „ 

■ 11-20 

30 „ . 

■ 8-15 

20 „ . 

. 8-65 

10 „ 

11-88 

on 10 „ 

■ 3-48 


100 00 


The surface area=3095 superficial feet and the thiokness of film of 
bitumen=0 00115. 
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Example B 

Bitumen 


15-94 per cent 

200 mesh 


. 6 43 

100 ,. 


27-43 

80 , 


. 1-78 

50 . 


- H-77 „ 

10 , 


. 10 29 

30 „ 


. 8-31 

20 .. 

, 

. 7 G3 

10 „ 


. 6-42 

on 10 ,, 

. 

. 1-00 „ 



100-00 

In this oase tlie area='1565 superficial feet and the film of bitumen = 

0-00068 inoh. 




Example C. 

Bitumen 


. 13-35 per oent. 

200 mesh 


14-40 „ 

100 }J 


. 15-19 „ 

80 „ 


. 17-24 „ 

50 „ 

, , 

. 33-05 „ 

4=0 „ 


• 2-00 „ 

30 „ 

, ( 

■ 2-16 

20 „ 


1-25 „ 

10 „ 

. 

■ 1-36 „ 



100-00 

The areas are 6282 superficial feet and the film is 0-00065 inch thick. 

Another sample with local material is as follows:— 


Example B. Example E. 

Bitumen 

11 82 per cent. 14-6 per cent. 

200 mesh 

18-85 

n 1B-G ,, 

100 „ 

30-98 

„ 29-5 

80 „ 

9-16 

„ 9-3 „ 

50 „ 

13-41 

„ 15-4 ,, 

40 „ 

5-97 

99 6*3 ,, 

30 „ 

4-26 

99 4-1 ,, 

20 „ 

2-30 

99 3-8 

10 „ 

0-37 

99 1’4 99 

on 10 „ 

2-89 

99 


100-00 

100-0 
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The area of D is 6605 superficial feet and tlie film of bitumen=0-00058, 
md the thiokness of film in E= 000651. 

Another sample gives the following analysis. It was 1 \ inoh tlnok, 
aid on old macadam surfaoe :— 



Example F. 

Example Q 

Bitumen 

14-156 per cent. 

19-5 per cent. 

200 mesh 

. 14144 

17-05 

100 „ 

6-08 

6-05 

80 „ 

. 2-24 

1-9 

50 „ 

4-68 

5-56 

40 „ 

3 80 

4-57 

30 „ 

3 80 

4-63 

20 „ 

6 326 

7-00 

10 „ 

15-874 

15-4 

8 „ 

7-89 „ on 10 

18-00 

4 „ 

. 21-01 



100-00 

100-00 

'he surfaoe area F = 

=3326 square feet and the film was 00130 inoh. 

„ „ a- 

-3732 ,, ,, ,, 

•00151 „ 

The samples H and K were taken in 1916 and 1917, with the following 

nalysis:— 

Example H. 

Example K. 

Bitumen 

. . 12-03 per oent. 

11-1 per cent. 

2 b0 mesh 

. 15-28 

13-6 

ioo ,; 

. 16-04 „ 

5-1 

80 „ 

. 25-71 

5-6 

50 „ 

. 12-77 

36-4 

30 „ 

7-53 

18-45 

20 „ 

0-45 

3 3 5 j 

10 " „ 

1-48 

2-55 

on 10 „ 

8-71 

3 05 


, « 

0-86 


100-00 100-00 

he superficial area of H=5607 square feet and the film=0-00065 
Lch; that of K works out at -000682. 

Two examples of a speoial character laid down as an experiment, 
\ inches thiok, on old maoadam :— 
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Example L. 

Example M. 

Bitumen . 

11-85 percent. 

114)0 per cent. 

200 mesh . 

. 13-78 

18-20 

100 „ . 

7-02 

0-85 

80 „ 

8-4.0 

MR 

50 „ . 

. 19-90 

12-00 

40 „ 

3-90 

l-‘.)0 

30 „ . 

4-53 

fi-00 

10 „ . 

. 21-54 

15-15 

on 10 ,, 

9-08 

18-75 


100-00 

100-00 


The superficial areas are 4211 superficial feet uml lfififi superficial loot 
respectively, and the film thicknesses are respectively 0-00085 inch and 
0-00076 inoli. 

Comments.—The oommentB that can be made Irom an examination 
of the analyses are as follows :— 

A The mixture would be rich in bitumen, there being nearly 80 per 
oent. more bitumen m the mixture than is neooBHary to 00 at the purtioleH. 
Owing to the low percentage of fine material, the excess of bitumen does 
not make up for its laok of fine material. 

B. There is the right quantity of bitumen in thiH mixture, and not an 
unsatisfactory proportion of fine material; but it ih too high in the 100 
mesh, and there is too large a proportion of the coarser grading. 

0 is a good and evenly divided grading. There secnm to bo, if a 
criticism is needed, a trifle too high a percentage in the 80 mesh which 
might with advantage bo given to the 80 and 20 meshes. The film of 
bitumen is satisfactory. 

D. There is too high a proportion of fine material and a shortage of 
bitumen. This is an example whioh indicates that, in all probability, 
if the 100 mesh had been roduoed and the difference given to the 50 and 
30 meshes, the same percentage of bitumen would have boon more 
satisfactory both as regards the film thickness and the grading. 

E is a satisfactory mixture. 

E and G. These samples from the same pavement show very uneven 
mixing. The peroentage of bitumen is very high, and it was known to 
be of a hard consistency. It is a mastic asphalt. 

H is a mixture which is badly graded; there is too muoh fine material, 
although the film thiokness is satisfactory. 

K is short of fine material, but there is a slight excess of bitumen, 
whioh is helpful. 
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L and M Those are both rioh in bitumen. There is not enough 
bitumen to j ustif y it being oalled a mastio asphalt, although it is approaoh- 
ing that point. They are short of fine material, hut the excess of 
bitumen makes up for that to a groat extent. 

This form of analysis is useful for determining, as has already been 
mentioned, whether the amount, of bitumen that is required to ooat the 
particles is really in a structure that has failed. Tako throe instances 
whioh are instructive: one was laid in King’s Road, London, in 1894; 
the second was in King’s Road, London, in 1896; and the third in 
the Thames Embankment, 1906. 



l. 

2. 

3. 

Bitumen 

. 10*0 per cent. 

10*8 per uont. 

11*5 per cent 

Passing 200 mesh 

74 

13*6 

17*0 „ 

„ 100 „ 

. 15*9 

7*3 

7 0 „ 

,, 80 ,, 

. 114 

22*5 

23*0 „ 

„ 50 „ 

. 11*1 

25*5 „ 

32 0 „ 

,, 4:0 ,, 

. 24*0 

8*9 

6*0 „ 

„ 30 „ 

. 12*2 

6*6 „ 

3*0 „ 

„ 20 „ 

5*0 

3*0 

0*0 „ 

„ io „ 

3*0 

1-8 

0-0 „ 


100*0 

100-0 

100-0 


Tho peroentage of bitumen worked out on the scale above should be 
9-8, 11*62, and 11*04 respectively, showing that there was sufficient 
bitumen in Nos. 1 and 3, but a shortage in No. 2. Of the three No. 1 
failed, as tho composition scaled under the heavy traffio; No. 2 resisted 
fairly satisfactorily, but required considerable maintenance; No. 3 has 
been quite suooossful. The results indioate that the amount of fine 
material was insufficient in No. 1, although for the composition the 
partiolos were well ooated with bitumen; the quantity of bitumen 
was not sufficient to make up for the defioienoy in fine material. In 
No. 2 the fine material was more in evidenoe, but tho shortage of 
bitumen undoubtedly oaused its non-suooess. No. 3 is more plentifully 
supplied both with filler and bitumen, and henoe its sucoess. 

Tho difficulties that the road, engineer has to oontend against in form¬ 
ing a properly graded pavement are more easily understood when one 
considers how these gradings are to be obtained. In the example of the 
olinker that is ground from large material, the analysis of whioh is 
given on page 195, there is to hand quite a good mineral aggregate whioh 
obviously oan be ground to the required mesh sizes. But a sand that is 
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looally obtainable may have a very inferior grading, and only by oareful 
mixing of vanouB Bands, that may be found in or near the district., can 
the satisfactory grading bo secured. Doubtless in the examples given 
above the variation of the grading is wholly duo to the quality of sand 
available in the districts where the pavement was laid. 

A good grading has been obtained from granite dust as it comes from 
the screens at the quarries, a fine local sand and a proportion of oement. 
Taking the oement as wholly of 200-meBh material — 


Fine Sand. Oramte Dust. 


Passing 

100 mesh . 

4 per cent. Passing 100 mesh . 

5 per oent. 

79 

50 „ . 

'12 „ „ 

50 „ . 

12 „ 

on 

50 „ . 

54 „ 

20 „ . 

27 „ 



97 

10 „ . 

29 „ 



on 

10 „ . 

27 „ 



100 


100 


Flue dust gives the following analyses :— 


Passing 200 mesh 

48*15 per oent. 

„ 100 ,, 

. 20*87 

71 

„ 80 „ 

1147 

91 

„ 50 „ 

4*16 

77 

>i 80 ,, 

. 10*86 

77 

99 20 ,, 

1*23 

71 

„ 10 „ 

2*07 

77 

on .. ,. 

1*19 

77 


100*00 



The following sampler of sands were submitted to the writer, and tho 
following are the gradings 



No. 1. 

No. 2. 

No. 3. 

No. 4. 

Passing 200 mesh 

05 

1*41 

1*27 

•67 

„ 100 „ 

. 14*5 

10 75 

■80 

1*00 

„ 50 „ 

. 75*4 

56*77 

16*34 

61 50 

„ 20 „ 

9*6 

31*07 

65*50 

25 10 

„ 10 „ 

. 


16 09 

11*83 


100 00 

100*00 

100*00 

100-00 
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The recommendation was 66 per cent, of No. 1 and 34 per oent. of 
No. 3, which would give— 


Passing 200 mesh 

0-78 per oent 

„ 100 „ 

9-92 „ 

„ 50 „ 

. 55-91 

jj 20 ,, 

22-90 „ 

„ io „ 

. 5-49 „ 


100-00 


Selection of Sands. —The selection of the right land of 
^ sand and its grading is of great importance, and requires 
very oareful examination and continual analysis, as it may 
3 easily vary when obtained from the same souroe. 

1 The above tests give the satisfaction that one can 
obtain by calculation without examination, but a good 
asphalt oan be more satisfactorily judged by the appear- 
h" anoe of the composition to those skilled in its examination, 
n But what is of considerable importance as an aid to this 
g physical examination is the “ pat-paper 55 test 
, pi Pat-Paper Test. —This consists of taking a large piece 
J £ of paper and laying it on a flat surfaoe, then a quantity 
\ of the hot mixture is taken from the mixer and placed in 
J the centre of the paper. One edge of the paper is drawn 
^ over to meet the opposite edge, thus enclosing a quantity 
§ of the mixed material. This enclosed material is then 
g pressed to obtain a flat surface ; the paper is turned back 
g and the bituminous material removed ; the paper is stained 
by the hot bitumen, and the density of this stain gives 
the observer the information as to whether the quantity 
d of bitumen is short or in exoess of the desired amount. 

” Plate I shows a mixture short of bitumen. 

„ II. „ „ with the requisite quantity 

of bitumen. 

„ III. „ „ with an exoess of bitumen. 

Laboratory. —The engineer who has charge of the con¬ 
struction of roads will find that it is neoessary to have a 
laboratory for making analyses and tests of road materials. 
The apparatus that is required is not of a Very expensive 
j character, but should be the best of their respective kinds. 
^ The following are neoessary:—Penetrometer, ohemioal 

balanoe, bunsen burner, speoifio-gravity measures, soales, oven, oruoibles, 
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flasks, retorts, etc., a supply of water and gas, a stink cupboard) 
tables, and desks. 

Suitable instruments suoli as thermometers, eto., can be obtained 
from The Hutchinson Testing Apparatus, Ltd., 11 Tothill Street, West¬ 
minster, which firm has made a speciality of this class of work for road 
purposes. 

The typo of thermometer for testing the temperature of tar or bitumen 
in tanks is shown in fig. 34. 



Fig. 35 —Thermometer fixod on a Fig. 38. 

tar boilor. 


Figs. 35 and 36 show a thermometer to be attaohed to a tar boiler. 

Fig. 37 shows the type of speoifio-gravity gauge. 

Fig. 38 is a viscosity and oonsistenoy gauge. A standard viscosi¬ 
meter will show whether a sample of tar is of the No. 1 or No. 2 grade 
of the Engineering Standards Committee, or whether a consignment 
differs fundamentally from an approved sample. 

Fig. 39 shows a flash-point tester. 

The hydrometer and temperature corrector illustrated in fig. 37 
comply with the Eoad Board’s definition of the apparatus for the 
proposed test. They are supplied together in a compact wood oase, 
with a metal container and stirrer. 
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The utility of this machine is not confined to ascertaining the exact 
temperature at whioh the material under test beoomes inflammable, 
and therefore dangerous, it also serves to distinguish orude substanoes 
from Tefined products ; with regard to the latter, it indicates the point 
to whioh distillation, or “ cutting baok ” with light oil, has been carried. 

p 

A 

l 

H 



Fig. 40 . 


1, thermometer; material under test; 8, mloa window; 4, door; 0, removable pan; 

Q, Iron stand; 7, luminous burner; 8, quadrant tap; C, mould for half-inch cubes; 

10, volatilisation dish and stand. 

This test also affords a very handy and simple method of ascertaining 
whether it is safe to heat the material before use. 

The instrument can also be used to ascertain if water is present in 
any tar, asphalt, or oil. 

Fig. 40 shows the type of apparatus for determining the melting- 
point of tar, asphalt, and oil, and oan be used for the volatilisation 
test. 
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J b>drometere, comprising four instruments, maiked at 

1 '** from I 000 to 1-300 These instruments are 

"T*" f*U « furnished (in the case) with a small trial instrument 

theh ^d, indicates the hydrometer to be used, also with 
r i ahn-uheit i graduated from 60= to 100° for use in the teats 
^' in ^ r I** iwh rtinw), to contain the liquid to be tested, accom- 

***" graduated from 0 700 
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Kin. l.'l. Nporillr-gravity hydromelnr (half aulual huso). 



Fm. 44.—Spuoi lie-gravity balanvo fur dune. (Walker |ii*funplo.) 

A knowledge of tlio Hpeeilio gravity of mail atone in umieHHary lu (lie highway 
engineer, nut only for the purpoHO of eutlmuting I lie value of the niiileriol us boNed on 
Unit important property, but also to determine the a run that oau lie covered by a 
given weight of stone and tho amount of bituminous binder required fur Urn aggregate. 




Fm. 46.—Mould fur a ductility tost, m originated by John A. Urodie, Fsq,, 
M.Inst.C.E., City Engineer of Liverpool 

A, top part of aluminium mould, with hula for euapeualon; U, bottom part of mould of a prodaloniiluoil 
weightt 0, brnee framei D, bottom plate; D,eorew to enable mould to be removed from friunu. 

A gloss jar of suitable dimensions for this Important teat aocompanion the mould. 
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Flow Test. This is another method of testing tlio consistency. A 
cylinder of bitumen is made from n brims mould 2 inch long § inch 
diameter mi n rnmiguted truv with undulations equal to tho diameter 
or till* o\Under. 'I'liiH tray is set at an angle of In 0 , and it is gradually 
In*. it I'd 1 o a temperature lit whinh flic bitumen will How. 

I'li' 1 l»nris«»n of tin* length id the flow with a standard will indi¬ 
cate ( he lelntive consistency of 1 he sample with that of the standard. 

PonetPometor. 1 he penetrometer is required to determine the con¬ 
sistency of the bitumen or tar that is t,o be used in tho mixtures. There 
are He vend machines on the market, and the measure of tho ponctra- 



Nm. t7. Asphalt or pitch-flow platoH and moulds: L'rofimsor Clifford 
Uioharilstm'H llow tout. 

\,riuij Im linlilliitf Hi" sjilll. iiimilil totfulliur *, M, split moulil; U, bnuuiilule wltlunrruguUouu 
I'ni'ivsiinii'UiiK In slio Ui tlml ol Ilia moulded nyllndor. 

Two H eorrngaliiiti plates mu I oiim tuimlil, nr throe 4-uomigation plates utid onu 

mmilil, eonstitute a not.. 

lion of a No. 2 cambric needle weighted with 100 grma. at 77° F. in 
one second is iu linmlredths of a uentimetro. 

A sample of the bitumen fluxed ready for use is taken from tho tank 
and placed in a small tin about 3 inch diameter and } inoh deep. The 
surface of tlm far or bitumen should give a jierfeotly smooth, glossy, and 
even surface ; there should he no air bubbles or oily appearance, which 
would indicate the proHonue of moisture or an imperfeot mixture. 

The tin and cun tents are then placed in water, whioh is brought to a 
temporal are of 77° K.; ami when it has been left in tho water for a time 
siidioieiil (o allow tlie whole of the contents to be brought to that 
tempi 1 ratine, it m placed under the needle so that tho point is praotioally 
on the Hurfuce of the bitumen ; the neodlo is thou released for the period 
of one second, and the difference botwoon the first and suoond positions 
of the finger on the dial will giva tho ponetration at that temperature. 
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Analysis of a Paving Mixture.— A sample of the asphalt in taken from 
the surface of the road and marked with the dato, a number, and the 
plaoo from winch it was taken; tho number should be a duplicate of 
a pago number in a reference book, on which page is fully described 
the analysis and commonts. Each sample should havo its place in a 
cupboard and be kept for future reference. 



Fra. 47a. —Penetrometer. 


A small piece is cut oil tho Hamplo and weighed in air and in water: 


weight in air 
loss of weight in water 


- Hpooific gravity. 


A second sample is taken woighing exactly 10 grins. This should 
bo broken up into fragments and placed on a filter paper in a 
funnel which discharges into a flat-bottomed assay flask. A quantity 
of carbon disulphide is poured gradually on to the sample, and tho 
bitumen is thereby solved out of the mixture. This process takes 
several hours. The solution of bitumen in the assay flask (after standing, 
so that all the sediment has settled) is then oarefully deoanted. 

14 
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Some fresh carbon disulphide is poured on to the sediment left in the 
flask, the contents poured on to the filter aDd the flask thoroughly 
cleaned free from all sediment, which is added to the mineral sediment 
already mentioned, and this is washed clean with the oarbon di* 
sulphide 

The solution of bitumen is poured into a dish and ignited, and the 
remainder is added to the mineral matter. 

The mineral matter, after the carbon disulphide has completely 
evaporated, is removed from the filter paper, scraping it in order to 
remove the fine material, but being oaroful not to removo the paper 
itself The paper is also ignited and the ash added to the mineral 
matter. The total weight of the mineral matter and fine ash is then 
taken, and the difference between the weight so obtained and 10 grms. 
gives the weight of bitumen in the sample. 

The whole of this mineral matter is then plaoed on a 200-mesh 
sieve, and as much of the finer material is oaked together, this is care¬ 
fully broken up between the fingers and pressed through the sieve. 
When it is evident that there is no more that will paaH this mesh, it is 
removed from the container underneath and weighed on the ohemical 
balance. 

Similarly the 100, 80, 50, 40, 30, 20, and 10 meshes are dealt with and 
the results tabulated. 


Bitumen 

Weight. 

Per oont. 

Passing 200 mesh . 



„ 100 „ . . 



„ 80 „ . 



,, 50 „ . 


- 

„ 40 „ . 



„ 30 „ . 



„ 20 „ . 



„ 10 „ . 



on 10 „ . 




10 grms. 100 per oont. 

It is interesting to keep a reoord of the density or voids in a structure. 
In order to obtain the density and voids, it is neoossary to know the 
specific gravities of the composite minerals used in the mixture. 

Sand has usually a speoific gravity of 2-65, but this should be tested. 
If cement is used as the filler the speoifio gravity is about 3. 

The bitumen that is used in the mixture will vary, but it has usually 
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a speoifio gravity of 1-06. A bitumen such, as that from Trinidad Lake 
in the epure form has a specific gravity of 1-40, but it is used only in a 
mixture when it has been fluxed with a petroleum flux whioh may have 
a specifio gravity of about 0 95, and the amount of flux used will lower 
the specific gravity to about 1 26. Even with this fluxed bitumen 
there is an amount of mineral matter which, if removed, would bring 
the specific gravity down to that mentioned, viz. 1*06. 

Assume that a mixture was made up as follows :— 


Por cent. 

Sp. gr. 

Volume. 

Per oent. 

20 Granite dust 

2-82 

= 7-1 

= 16-14 

. 55 Sand 

2-65 

= 20-75 

= 47-15 

8 Cement 

3-00 

= 2-66 

= 6-04 

17 Trinidad bitumen 

CO 

<?q 

i— i 

HD 

= 13 60 

= 30-67 

100 


44-01 

100-00 


The average density should therefore be :— 


16-14 

at 

2-82 

= -45 

47-15 

99 

2-65 

= 1-25 

6-04 

99 

3-00 

= -18 

30-67 

99 

1-26 

= -39 




2-27 


The speoifio gravity of the mixture, as taken from the test of the sample 
of pavement, was shown to be 2-23 Therefore the percentage of voids 
was just about 4 per oent. 

If the speoifio gravity is required of any material oomposed of fine 
material, it is perhaps bettor that it should be determined by an analyst, 
as it is difficult to weigh the dust in water. It is usually done in a spirit 
such as alcohol or petrol, and the expert analyst is more accustomed 
to perform this tost than one who has to make the test at very infrequent 
intervals. 

Similarly, in regard to the ohemical tests of bitumen, the tests for 
malthenes, oarbenes, etc., should be earned out by an analyst. The 
description of tho method is indicated briefly. 

Loss on Heating. —A glass dish 1& inches diameter and 2 inohes deep 
is filled with 20 grins, of the bitumen to be tested. The reoeptaole 
and its oontents are then placed in an oven, the temperature of the 
oven being brought to 325° F. and kept at that figure for seven hours. 
The difference between the original weight and the weight at the end of 
seven hours is the loss during that time. 
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A different sample is taken if the test is to be at a temperature of 
400° F. 

The Amount of Bitumen soluble in Carbon Disulphide. —One grm. of 
the bitumen (refined) is plaoed in a flask and covered with a plentiful 
supply of carbon disulphide (100 o.o.) : it is allowed to stand overnight. 
The solution is then decanted on to a filter (already weighed), the 
mineral matter that has subsided being left with as little disturbance 
as possible m the flask. This is further treated with carbon disulphide 
and again allowed to subside. The process is repeated, but the whole 
of the subsided matter is now poured on to the filter. The filter is 
washed with carbon disulphide until the mineral matter is perfectly 
clean, then the carbon disulphide is allowed to evaporate completely, 
and when thoroughly dry the filtrate is weighed and the allowanoo 
made for the weight of the filter. 

The disulphide which has passed the filter is allowed to stand for 
twenty-four hours and then decanted into a crucible. If there is any 
matter which has further subsided, this is washed and added to the 
filtered material. 

The decanted solution is burned, and the remainder is mineral matter 
which is also weighed. The total of all these weights of mineral matter 
is deducted from the original weight of 1 grm., and the result is the 
amount of bitumen soluble in carbon disulphide. 

Bitumen soluble In Naphtha.— Naphtha 88° and 62° Beaumd is used. 
The bitumen must be powdered, or if soft out into a finely divided state. 

Practically the same method is employed in making the test as is 
the oase in the solving out with carbon disulphide. 

The bitumen soluble m naphtha is technically called “ malthenes.” 

The 88° naphtha solution is made up to 100 c.o , and an equal 
volume of naphtha 88° is placed m a seoond flask. They are both treated 
with 30 0 . 0 . of HjSO*, specific gravity 1-84. The naphtha solution and 
the naphtha are washed with water and with a 5 per cent, carbonate of 
soda solution and a subsequent washing with water. They are then 
poured into two dishes. In the plain naphtha is dissolved 50 grins, of 
a stable petroleum residuum. The naphtha is evaporated until the 
plain naphtha has its residue at its original weight. It is then assumed 
that the naphtha is entirely evaporated from eaoh. 

The difference gives the amount of the solution which is solved bv 
sulphuric acid. J 

E.g. if the bitumen is soluble in 88° naphtha to the extent of 36 per 
cent., and the amount of bitumen soluble m CS a =56-5, 

36X100 

6n 56-5 per cent, soluble of the total bitumen. 
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If 60 per cent, is the amount of the soluble bitumen removed by 
sulphuric acid, then the saturated hydrocarbons m per cent, of total 
bitumen 

63-7x60 

= 63-7— jqq =25-48 per cent. 

bitumen soluble in carbon tetraohloride. 

The process is precisely the same as for the bitumen soluble in carbon 
disulphide. 

More elaborated details of the analyses will be found in Mr Clifford 
Richardson’s Modem Asphalt Pavements, and Mr Provost Hubbard’s 
Laboratory Manual of Bituminous Materials. 

CEMENT CONCRETE ROADS. 

One of the first questions the road engineer asks himself when con¬ 
fronted by the difficulties experienced in finding a suitable road struc¬ 
ture to satisfy the requirements of present-day traffic is—Why will not 
a Portland cement conorete surfaoc be the solution of my difficulties ? 
It has been used in many towns as a pavement for footpaths, it has 
also been used in streets with very light traffic, it is used as a foundation 
for wood paving but is kept at a distance of 4 inches at least from the 
actual wearing surface; it is similarly used for the foundation for natural 
rook asphalt, and is within 2 inohes from the surface. But in soarcely 
any oase under heavy traffic conditions has a oement oonorete been used 
as the surfacing material. 

Concrete Roads in U.S.A. —Recently this form of surfacing has been 
brought into prominence by the work that has been done in the U.S.A. 
Photographs of roads that have been constructed with this material 
are given, but in each case that the writer has seen the road is abso¬ 
lutely free from traffic. A more convincing view of a road so surfaced 
would have been a photograph showing the road with a largo number 
of vehicles travelling in the ordinary way of business over the surface; 
one is therefore inolined to be sceptical of its value, and when one of the 
engineer writers makes the statement that the roads so constructed are 
not very successful, such testimony is more apt to be accepted as genuine 
than that of the many who voice its success, especially so if the antici¬ 
pation of failure is the outcome of a dose examination of the probable 
effeots of traffio on such a material. The success of a pavement largely 
depends on the point of view; e.g. if an inferior road structure has been 
expensive to maintain and another less inferior structure is substituted, 
then the latter, being less costly to maintain, is obviously a success in 
comparison with the inferior structure. But both of these pavements 
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may be outclassed by structures wbiob withstand this and a still 
greater intensity of traffic at much less cost, hence the suooess is merely 
based on figures whioh are far from ideal. 

Difficulty to be overcome. —Cement concrete laid in situ has one par¬ 
ticular characteristic which makes it a difficulty whioh is practically 
insuperable in a road-surface structure: it is in the length of time the 
concrete takes to “ set.” It is not unreasonable to say that cement 
eoncrete should not be used under three months after it is laid. 

Cement concrete improperly set will wear almost as badly and as 
rapidly as water-bound macadam; the wear would be wholly due to the 
effects of surface friction 

Non-resllient Structure. —Cement concrete is a non-resilient struc¬ 
ture, and therefore as soon as the traffic comes upon it, it must commence 
to wear. The wear may take the form of reducing the size of the 
partioles forming the concrete while remaining in the pavement, or 
the particles may be removed bodily from the structure; and in those 
cases which have come before the notice of the writer, the latter seems 
to be the result rather than the former, hence the wear is more rapid 
than would be the case with asphalt or a bituminous concrete. 

Asphalt pavements being composed of similar material, except that 
bitumen takes the place of cement as the binding agent, are resilient 
structures, and traffic resistance is less destructive to this olass of pave¬ 
ment on that account. It iB exhausted by compression and wear, but 
the part that is worn is returned to the pavement, because the bitumen 
m the structure is capable of reabsorbing this finely divided material. 
This will go on for some considerable time, until the bitumen beoomes 
incapable of receiving the worn material, and it beoomes a dust which 
is eventually removed or blown away, thus exposing another layer 
which is capable of repeating the action Hence the wear of an asphalt 
pavement is very slow and much less costly than a cement ooncrete 
pavement. 

The writer has had examples of asphalt pavements which have taken 
nearly twenty years to wear down to about | and i inoh thick (from 
2 inches and 1J inches as originally laid) before distinct disintegration 
takes place. Cement ooncrete has neither ductile nor any adhesive 
qualities about its structure; its wear must under severe traffic con¬ 
ditions presumably be heavy in comparison, and there are almost in¬ 
variably weak areas which will give way more rapidly still, due to the 
human element in the mixing and laying. 

Repair of Concrete. —These areas will require repair, and it is well 
known how difficult it is to repair an in situ concrete pavement and at 
the same rime make a satisfactory job of it, especially so when it re- 
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quires such a long time before the material is properly " set.” Repairs 
on a road with heavy traffic should be capable of repair on one day, and 
on the next should be open to traffic. This is practically impossible in a 
concrete road. Hence the concrete, when it has to be repaired, beoomes 
a nuisance. The writer had to abandon, in the oase of an area laid with 
concrete, the use of cement concrete, and eventually had to fill the 
hollows up with a bituminous concrete which was quite satisfactory 
so far as the traffic was concerned, but was an eyesore m the concrete 
surface. 

For lightly trafficked roads cement concrete might be used with 
advantage, because a sufficient length of time could be given for the 
concrete to set, and even in moderately trafficked roads it might be 
used and prove cheaper than ordinary water-bound macadam; but m 
this oase the concrete ought to be watched carefully, and when it is 
worn to a certain thickness it should be coated over with a bituminous 
wearing surface. 

Wearing Surface at End of Life of Concrete. —Cement concrete— 
when bitumen is unavailable in sufficient quantity—may be used as a 
base for a bituminous wearing surface coat. But where bitumen can 
be obtained at reasonable rates, it is far preferable to use the bituminous 
concrete as a base for the coat, because the coat has an affinity with the 
base and would adhere more satisfactorily to such a structure than to a 
cement concrete base. It has been suggested that the concrete might 
be used as a base for a bituminous film £ to inch thick, but it is 
extremely difficult to lay suoh a substance on the concrete, and after a 
time it can easily be peeled off. 

In a oase of repaving a wood-paved area on the old concrete, the 
blocks were not available for the repavement, and in order that the 
heavy and continuous traffic should not be deprived of the road, it was 
allowed over the old concrete surfaoe. Wear was soon in evidence, and 
it was fortunate that the difficulty of the supply of the blocks was over¬ 
come, otherwise the road would have had to be dealt with in some other 
manner. 

The cement concrete road must not be put on one side as an im¬ 
possibility, by any means. In the U.S.A. many miles of roads have 
been laid with satisfactory results. The concrete is laid in 25-feet 
sections; each section is divided from its neighbour by an expansion 
joint f inch wide, which is filled with asphalt, thus allowing for expansion 
and contraction of the concrete. The concrete consists of 3 parts of 
stone, 1J parts of sand to 1 part of cement. Conorete mixers are used, 
and the conorete deposited mechanically; a special machine is used 
for forming and finishing off the surface. The concrete is covered with 
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earth, which is kept in a moist, state for from four to six weeks. The 
cost of the concrete roads m U.S.A. runs out at about £3000 per mile, 
the width being 18 feet. 

During the war concrete roads have been made by the War Office, 
Admiralty, etc. One road is spoken of highly by the superintendent 
engineer, but the photograph accompanying it does not indicate that 
it is heavily trafficked. 

At Southampton a road was laid at the docks. The substructure 
was good, and the concrete was laid above the old macadam that formed 
the road previously. The concrete was laid 6 inches thick, the lower 
4 inches being in the proportion of 6 to 1, the upper 2 inches being 3 to 1. 
Sea gravel passing a f-mch mesh was used. The lower concrete was 
reinforced by the British Reinforcement Concrete Company’s material. A 
length of 12 to 15 feet was laid each day. Eaoh length was covered over 
with tarpaulins, the process being to omit a length-and £01 up the inter¬ 
vening length a week afterwards. No expansion joint was provided. 
The work occupied five weeks, and the traffic was turned on to it five 
weeks later. The surface was coated later with hot tar and dusted 
with coarse sand. This was in November 1917, and it therefore is not 
yet proved as to its capacity. 

Concrete Brick Pavement. —What seems to be a better polioy from 
many points of view is to make concrete bricks and pave the road as is 
done with setts, but with a fine joint, as is the case in wood-block paving. 
Tie repair difficulty is removed, the setting of the concrete is not a 
hindrance to the use of the road, and the bricks are more likely to be 
uniform in structure than an in situ pavement, however carefully it 
may be laid. 

The orushed clinker from the plant mentioned on page 195 was used 
in the manufacture of paving slabs in the proportion of 3 of crushed 
clinker to 1 of Portland cement. The slabs were well matured even 
before using them in footpaths : they were 2 feet x 2 feet and 3 feet x 2 
feet. The smaller-sized slabs were used in an experimental area of road. 
Considerable care was exeroised in laying them to seoure a solid base, 
but after a few days’ traffic upon them they oracked and eventually 
had to be removed; it was evident that the care in laying them had 
not been sufficient to prevent hollows from being formed under the 
slabs. 

The plant was also erected for the purpose of making bricks, and a 
few hundred thousand were made with the orushed olinker and Port¬ 
land cement in the proportion of 15 to 1 and 9 to 1. The brioks were 
aufes§<JJiently tested for crushing, with the following results, in respect 
^Ota^e of the 15 to 1 composition :— 
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Tons per aq. ft. 

Age 5 weeks 5 days 216-5 
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99 
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. 249-3 

99 

13 
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99 

. 281-9 

99 

15 

, 5 


. 274*7 


These tests show that at a stage of about six weeks they oan resist a 
severe crushing strain, but that for a month after the resistance to crush¬ 
ing is backward, then it increases rapidly up to the fourteenth week, 
when it remains more or less stationary. 

The writer has seen a similar forward, baokward, and subsequently 
forward movement in other tests; they indioate that the concrete does 
not reach its full maturity before the thirteenth week. Whatever 
results may have been secured in those areas where the traffic was only 
kept ofE the concrete for six weeks, it is evident that even better results 
would be attained by the longer period. 

The bricks were subsequently used in building work, but so dense 
were they that there was a certain amount of dissatisfaction to the 
brioHayers not only on account of their weight, but in the difficulty 
experienced in outting them for olosers, etc. 

Cost of Bricks. —The cost (pre-war) of these bricks was about 21s. per 
1000, and as about 46 would be used in covering a superficial yard, the 
cost of the bricks alone would amount to about Is. per superficial yard, to 
whioh would have to be added the labour in laying a suitable foundation. 

No tests have yet been made with these bricks on a road, but there 
is no doubt that experimental sections will be laid down to test their 
value; because, even if the cost was increased, by reason of the apprecia¬ 
tion in all values, to 2s. per superficial yard, there would be an advan¬ 
tage to local authorities, as it would not only provide a means of disposing 
of the clinker refuse, but it would also give a very good surface, far 
cheaper than macadam and more satisfactory as regards maintenance. 
Whether they would serve for heavy traffio is a matter that must be 
proved. * 
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ROLLERS AND ROLLING; 

In every proocHH of maoadam and asphalt oonstruotion some method 
of consolidation is necessary before it oan be olaimod that a road has 
a good surface. 

Rollers.—Ill the past, the macadam was evenly spread over tie 
surface of the road, the mud that had boon previously swept from tie 
old road being thrown over the Ioohu Htone as a binder, and in order to 
consolidate the two, various obstructions wore so plaoed that tie traffio 
took a winding course , and the stone thus settled into its position. When¬ 
ever any area became fairly consolidated, the obstructions were moved 
to a new place, and eventually by these crude methods tie whole Burfaoe 
booamo more or less even. It was slow, unsatisfactory, and most 
inconvenient, to traflio, and, as a result, the horse-Toller oame into exist¬ 
ence ; similarly, this had to give plaoo to the steam-driven roller, whioh 
proved oapablo of semiring the even surface quiokly, effectively, and 
economically. The rollers were at first about 0 or 8 tons, then heavier 
rollers up to 15 tons were constructed, and it was only due to the damage 
caused to the gas and water mains, and the diffloulty of getting them 
safely over bridges and oulvorts, that the weight of the average steam¬ 
roller was brought down to 10 tons, ami it is this type of roller that is 
generally satisfactory in the work it is expected to perform, i.e. in con¬ 
solidating the ordinary water-bound maoadam road. 

For tar macadam, however, it is found that the 6- or 8-ton roller is 
more satisfactory, the heavier roller* being found to squeeze and push 
the material out of place, and so making it extremely diffloultto obtain 
a good and even surface. 

It has already been pointed out that the ateam-roller that is in 
general use for water-bound maoadam crushes the stone or so abrades 
it that a powder Is formed, and the binding between the stone that 

is required is thus obtained. In any other form of oonstruotion the 
n sis 
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roller ia uot required to orush the stone and form a binding material, 
the binding agent being supplied in the form of tar, bitumen, or other 
material. Consequently, the 10-ton or 12-ton roller is too heavy for 
suoh methods of oonHtruotion, becauso if the stone is broken or orushed, 
HurfaooR arc oxposod wliioli are not ooatod with the binding agent. In 
cold mixtures, i.e. tarred macadam, ohippings, oto., the stono would 
not as a gonoral rule be broken, but individual pieoes would more prob¬ 
ably slide over cuoh other, and in this prooesB bo deprived of the bind¬ 
ing agent. On the other hand, if the stono waB not orushed or did not 
Blido under the roller, tliuro would be considerable compression ; con¬ 
sequently, there would bo a deoroaso in the air spaces or voids, and the 
oonHtruotion is brought nearer to the period when the ravelling of the 
material eommenc.es, i.e. when the total compression is reaohed. In 
other wordH, the heavier the rollor and the more the surface iB rolled, 
tho fihortor will be the life of the road. 

It muBt not be forgotten that it is useless to consider the weight 
of the roller without taking into consideration tho width and diameter 
of the wheels. 

The proportion of weight 011 the front and back wheels varies from 
1 to 3-1 to 2, i.e. a 12-ton rollor may have 3 tons on tho front wheels 
and 9 tons on tho back ; in other cases it iB 4 tonB on the front wheels 
and 8 tons on the hack. Tho front wheels or rolls are usually 4 feet 
wide, while the baok wheels are from 15 to 16 inoheB wide (total, 2 feet 
6 inches to 2 feet 8 inoh.es); thus the weight on tho front rolls is from 
| to 1 ton por foot of width, and on the back from about 3 to 3£ tons 
per foot of width. Similarly, tho 10-ton roller gives about the same 
proportion, for tho reason that tho rolls arc slightly reduoed in width. 
The 6-ton rollor is about J ton per foot on tho front rolls, and If to 2 tons 
on tho bank rolls (fig. 47n). 

Tho front wIiooIh have a lighteT weight per foot in order to facilitate 
steering, but tho increased weight on tho back wheels is due in large 
degree to the faot that the boiler iB usually of the horizontal type. In 
America, rollers have been made with the front and back wheels of the 
same diameter and width, and a vortical boiler has been plaoed between 
the two wheels, thus enabling the weight to bo more easily and equably 
distributed, so that a 10-ton roller gives a pressure of about £ ton per 
foot of width of roll on the front and 11 tons on tho baok rollB. This 
type of roller is found to give tho correct and requisite compression 
to asphaltio mixtures. The tandem roller is undoubtedly the best 
typo for the prooesses, whioh include a liquid or semi-liquid as the bind¬ 
ing agent. 

In order that a road may resist satisfactorily any extraneous force 
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which may come on to its surface, the amount of rolling that is necessary 
to give an even and regular surface and to ensure the particles compos¬ 
ing the mass being in Buffioient oontaot only should be given. By this 
method the material ib allowed to exeroiBe its functions, i.e. the resiliency 
of the composition and the duotility of the binding agent. If, on the 
other hand, it is so rolled until the full compression is taken up, the 
composition becomes non-resilient, the binding agent is not allowed an 
opportunity to exercise itB ductile qualities, and the material as a whole 
is not probably as good as a cement ooncrete 

In asphalt pavements it will have been noticed that the powder is 
laid in a hot condition; it is compressed with hot irons ; the preBBure 
that ib exerted by these irons is not more than $ to $ ton per square foot, 
and this pressure is all that is necessary for the consolidation of this 
material. 

In order to prove conclusively that the heavy pressure of a steam¬ 
roller would give full compression, samples of sand and ohippings were 
heated and dried and each filled into a box, the volume of which was 
exaotly 1 oubio foot. The weight of the sand when compressed dry was 
101-76 lbB., and the air spaces found to be 38-6 per oent. The f-inch 
granite ohippings when oompressed dry were 102-26 lbs., and the voids 
42 per oent. 

The ohippings were removed from the box and then gradually poured 
into the box together with the sand, in order that the latter should fill 
the air spaces of the former. This resulted in the cubic-foot box con¬ 
taining 94 lbs. of chippingB and 48 lbB. of sand, i.e. the total weight in 
the box was 142 lbs., and the voids were now reduoed to 18 per oent. 
16$ lbs. of bitumen will take up a space of 18 per cent, of a oubio foot. 
The 94 lbs. of ohippings, 48 lbs of sand, and 16$ lbd. of bitumen were 
all thoroughly mixed together, and in their hot condition the mixture, 
by means of foroibletamping— i.e. a 26-lb. rammer raised about 12 indies 
high and dropped on t& the composition as it waB plaoed in the box— 
completely filled the box. The pressure exerted would not exceed 1 ton 
per square foot. 

It is evident, therefore, that in any hot prooeBS or with the binding 
agent in a somewhat liquid condition, the pressure brought on to the 
surface should not exceed about § ton per square foot, and the binding 
agent should be just on the point of setting. 

It has been suggested that rolling is the oause of the waviness of 
the surface of the bituminous mixtures. The writer does not incline to 
this theory. There are many tar maoadams whioh are not wavy and 
wMeh have been rolled; similarly asphalt pavementB are “ wavy,” 

roUed but *' tamped.” The waviness is more likely 

* * 




Fig. 48.—Crompton's throe-axle roller. 

not be disturbed more than ie absolutely necessary to fix it there. This 
would probably be more efficiently performed by a vertical blow, whioh 
type of pressure would tend to keep tho stone vertioal, whereaB the rolling 
motion tends to bring the flat sides of the stone to tho surfaoe. 

But a tamping machine whioh would cover large areas quiokly haB 
not yet beoome a oommeroial possibility, and it is open to question 
whether the ol&ss of rolling suggested above will not surmount the 
difficulty in a satisfactory manner. 

It would seem a desirable condition that in a road surfaoe oonBtruoted 
with a theoretically void less composition, the composition should bn 
so rolled that there will be at least 10 per oent. voids, and if the material 
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mil not break away, as much as 16 per cent, when it is newly laid. There 
•re, however, some compositions, such as the tar macadams and ohippings 
made of the Bame sized stone, when total compression is obtained with 
30 per cent, voids in the mass In this material the voids should there¬ 
fore be about 46 per cent, when it is newly laid. This line of argument 
fails when applied to a material that sets hard and is not likely to be 
broken by succeeding traffic. 

From the above considerations there is evidently room for a new 
design of roller to meet these requirements; that is to say, one that 
will weigh about 6 tons and be not more than ton per lineal foot 
width of roller. Both petrol- and steam-driven rollers are applicable, 
but if the steam-driven vehicle oan oonform to the weight standard, 
it will probably prove more satisfactory for road work owing to its 
flexibility. 



Tferee-AHe Roller.—Colonel Crompton, C.B , has designed and con¬ 
structed what he terms a three-axle roller. He says that, in order to 
obtain a perfect levelling action of the rolled surface, the weight taken 
by the three rollers must constantly vary bo that it can exert maximum 
pressure on the high places and a minimum pressure on the low ones. 
At the same time there must never he less than sufficient weight on 
ttooMtoe driving roller to enable it to have the required driving 


^Ia his roller these conditions are met by mounting the centre roller 
spnngsm such a way that it oan fall below but cannot rise above 
a iasdpxat relative to the front and rear rollers The action of the 
* then as shown in the diagrams. In fig. 49 the front roller is 
enihe summit of a wave or high place, the centre roller having 

rta. ZL POfflta0n ’ ffhich k by the dotted lines ; 

rT "» «- •»»»* as shown, it takes 

l~fctfrtt. whole waght „f tte „n er , wUoi tendfi to reauce 

« *oe«tMielkr was not provided with springs as desoribed 



ROLLERS AND ROLLING. 


223 


the rear roller would tend to leave a depression when m the position 
shown in thiB figure. Fig. 49 shows the action of the machine when 
rolling froBhly laid material. 



It will be seen that the rolling suriaoes of the rollers are not quite 
in the same plane, but that the oentre one is then slightly below the level 
of the other two. This gives a very light pressure during the first time 
of rolling, which gradually increases each time the roller comes back 
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on to the cooler and harder material already rolled. This is due to 
the fact that as the road surface heoomes less yielding the weight 
becomes more oonoentrated on the central roller, giving the much 
desired effect, just as if a light roller was first employed followed by a 
heavier one, but the change from light to heavy being more gradual. 
The difference in the level of the rollers is adjustable by arrangements 
on the front steering head, and extends over a range so sufficient that, 
if necessary, the rear roller can be permanently raised off the ground, 
concentrating 90 per cent of the total weight on the centre roller. The 
front roller always has sufficient excess of weight to give steering effect. 
The wheel bases are not equal. This is purposely arranged as a further 
precaution against the possibility of producing recurring waves. 

The diameter of the central roller is 3 feet 6 inches, and that of the 
two end rollers 3 feet. In a later design the oentral roller iB 4 feet. The 
width of the rollers over all is 4 feet. The long-wheel base is 8 feet, and 
the short-wheel base 6 feet 6 inohes. 

The distribution of the weights can be varied between the limits 
given in the table below, with a corresponding rolling-pressure variation 
of from 160 lbs. up to 500 lbs. per inch width of roller. 


Front Axle. 

r 

Centre Axle 

Rear Axle 

Total. 


T. C 

T C 

T C. 

T C 


0 17 

8 10 

2 ' 11 } 


3 8 

3 8 

9 7 

Without water ballast 

0 17 

10 13 

\ 

11 10 


4 21 

4 2* 

3 54 J 

With water ballaat 



CHAPTER XL 


PAVING. 

Granite Sett Paving.- -Thu various kinds of paving for very heavy 
truflio, hU('I) as art' found about dooks and other commercial centres, 
arc of the granite sett typo. Granite setts are of various sizes, about 
fi or 0 inelicH deep, 3 to 3£ innhes wide, and from 7 to 9 inches long, 
properly square and dressed. It is usual to lay them on a (3-incli concrete 
foundation. There is a bed of Hand about lj to 2 inches deep, in 'which 
the setts art* bedded on parallel courses, the joints being about § to J inch 
wide, and these are filled up with ohippings, into whioh is poured a pitoh 
and anthracene oil mixture of a standard type already described. The 
setts are obtained from various quarries, e.g. Penmaenmawr, Aberdeen, 
Mount Sorrel, Enderby, Cornwall, Norway, Belgium, etc. 

In many oases the setts are 3-inoh or 4-inch oubes, laid as dosoribed 
in the ease of the larger material, 

This form of paving has its disadvantages : the edges under traffic 
conditions are soon broken, and the surfaoc becomes corrugated; it 
iH noisy, and not particularly clean on account of the mud collecting 
in the jointB and the difficulty of cleaning it out. 

Klelnpflaster or Durax.— Another form of paving is known as Klein- 
pfkster in Germany, where it is extensively used. In the provinces of 
Rhino, Westphalia, and Hanover hundreds of miles have been laid with 
ooonomioal results. A considerable area of the Thames embankment 
at Chelsea and also other districts have been paved with this material, 
whioh is known as Durax in this oountry. The stones are made in the 
form of truncated pyramids, and are not of the same size but vary in 
depth according to the density of the traffio, the surfaoe dimensions 
varying from 3 to 1} inohes. The paving is laid in sand, and the joints 
are filled with sand or a oonsistenoy of pitoh or cement. No foundation 
is necessary exoept what may be provided in the existing road, or what 
would have been provided in the ordinary macadam road. The paving 
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is not laid m parallel linoa, but in quarter circles similar to mosaic paving. 

It is claimed that this method preventB the odgoB of the paving from 
being broken, and the corrugated appearance that is found in ordinary 
sett paving is not in evidence. This form of pavement should provo 
to be better than sett paving; it will bo much cheaper on account of 
the more economical use of the stone, tho sizes being much smallor 
and therefore giving a greater surfaco area por ton of material used. 

It will wear more satisfactorily, but it is not a noiseless pavement, 
although it iB claimed to be less noisy than sett paving. 

Grit-Stone Paving.—In Lancaslure and Yorkshire sett, paving is - 
common, hut not of the gramto typo. Tho stone is a grit stone which 
is quarried locally; it is usually about 6 to 8 inches wide, the length 
6 to 9 inohes, and the depth about 6 inches. The paving is treated 
exactly in the same way as the granito Bett paving. 

Every few years, depending on the traffic, both the granite and 
gritt sett pavings are taken up, redressed and relaid, and they then 
give a face equal to new paving. 

Grouting of Sett Paving.—It will probably bo a feature in the. future 
to increase tho life of the sett paving by adopting a more satisfactory 
filler for tho joints than the consistency of soft pitch, which soon deterio¬ 
rates and wears away to a depth of about 1^ inches below tho surface. 
Probably maBtic asphalt could bo adoptod. By increasing the size of 
the joints between the settB, this substance could be plaood in tho space 
so afforded, and as it would not so easily break up as pitch, ivould 
prevent the edges of the setts from being worn, and incidentally also 
give a good foothold for horse traffic and a more oven and therefore less 
noisy surface. 

There would be no reason to go lower than 2 inches, booause tho 
pitch below that depth is in practically an air-tight chamber, and as 
the setts are not capable of being moved from the position in which thoy 
were originally placed, the pitch retains its elasticity for many years. 

The writer tried a few yardB of paving on these linos with vory 
satisfactory results; the stoneB had to be laid with greater oare, and 
considerable expense was thereby involved. 

Brick Pavements.—Briok pavements are oommon in Holland and in 
America. The eastern States have laid considerable areas. 

The brioks used are hard and tough, and must resist tho action of 
frost, aoids, and water. They must not absorb more than of their 
weight in water during forty-eight hours. They must not polish under 
wear, be compact and oloso-grained, freo from air holes and pebbles, 
and give a dear ringing sound when struck; they must not scale or 
chip when Btruok on the edges. 
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They are burned to a temperature of 15U0° to 1800° I\, depending 
on the clay, and the heat is gradually lessened until the kiln is cold. If 
cooled too suddenly they will be brittle. The difficulty is to obtain 
the bricks of oven texture and quality. The analysis should be :— 


Silica . 

Alumina 

Sesquioxido of iron 
Lime . 


. 60 to 75 per cent. 

■ • 22 „ 23 „ 

■ 3 ,, 9 ,, 

not more than 1 . 


They are laid similarly to setts, and jointed with pitch and tur grout 
The paving lias not proved suitable for heavy traffic 


WOOD PAVING. 

Hard-Wood Paving.—The next process of importance is wood paving, 
laid on a oonoreto foundation, which must have a perfectly smooth and 
even surfaoo. Tho more satisfactory the foundation the better will 
be the results. Tho timber that is used iB either “hard” or “soft.” 
Hard woods are oak, blaokbutt, Jarrah, and Karri. The most 
popular of the hard woods is Jarrah. It is grown in Australia, 
and tho trees from which the timber is out are of considerable 
diameter. The quality is apparently perfect; the rings are exceed¬ 
ingly dose ; there are no knotB ; there is a density and hardness 
which, from a superficial view, would make an excellent surface, but 
it is in practice found to be too hard and unyielding. One per¬ 
sistent fault is that it shrinks, the edges wear, and the surfaoe in time 
has a oorrugated appearance, with fairly large joints, and it thus 
becomes noisy and not particularly clean. 

Tho results that have been obtained are more or less satisfactory, 
aooording to the degree of satisfaction required. The writer has seen 
the paving in seaside towns wearing without that contraction whioh 
has been so evident in London and elsewhere, probably because the 
sea air gives to the timber the amount of moisture that it requires 
to prevent oontraotion, or it is in some 'other degree suited to its 
surroundings. 

DoweUed Blocks .—The writer laid an area with dowelled blooks, 
but these developed a oraok inohes wide in the middle of the paving, 
and the only meanB of preventing further damage was oontinual water¬ 
ing of its surfaoe during the summer. This trial was not a sucoess, and 
eventually it was removed; soft-wood paving would have lasted more 
than twioe the life of this pavement and been cheaper in first oost. 

In order to overoome this difficulty of oontraotion, the Aome Wood 
Paving Company has adopted a process of cutting up the material 
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into small pieces and making them into a blook again by a kind of dowel 
running its entire length on either side. The cost of laying these blocks 
varies with the depth of block required They are 3-inoh, 4-inoh, or 
5-inoh. 

Soft-Wood Paving consists in the use of blocks which are out from 
8-inch or 9-inch deals, and are usually 5 inches deep and 3 inohes wide. 
The timber generally used comes from Sweden, and is known as red 
pine and yellow deals. Spruce and timber from Archangel is also used. 

Scandinavian and Russian Woods. —The timber that comes from 
the ports of Gefle or Soderham, in Sweden, is of the finest quality for 
wood-paving purposes; it is close-grained, hard, and very even in 
quality. The timbers from the northern ports of Sweden are softer 
in texture, close-grained and even, but have not the same wearing 
capacity. The deals from the southern ports of Sweden are of a ooarser 
character, the rings are wider, and the amount of sap or sapwood is 
considerable. In these deals the sapwood is comparatively soft and the 
heartwood is very hard, so that with conoentrated traffic, such as is 
common on the mam London thoroughfares, the wear takes plaoe in 
small depressions due to this soft fibre wearing more rapidly than the 
harder texture of the block. 

Spruce deals may be found to be good, but the general quality is 
soft, even more so than the timber from the northern ports of Sweden. 
It does not wear so well, and its life is therefore shorter. Archangel 
timber , if carefully examined, is of very good quality, but it is only 
the ends of deals that aTe available, as the full deals are sold for joinery 
work. Most of the timber from Riga or Finland is too soft for paving 
purposes. But in the use of timber for wood-paving, consideration 
must be given to the traffic which uses the road It may be possible 
to find a timber which might prove to be as effective from a wearing 
point of view as the best quality. It is a matter of selection, which 
requires considerable experience and can hardly be set down on paper. 

Archangel larch is neither a hard nor a soft timber. The writer 
has tried it m several roads for short experimental purposes, and 
so far has every reason to be satisfied with the results. It is a timber 
which is so dense that it will absorb but a very small quantity of 
creosote. 

Bings In Timber. —The reason why red pine in different parts of 
Sweden vanes in character is due to the richness or the poverty 
of the Bod and to the atmosphere. It is quite conceivable that 
the growth of a tree in a swampy district or in one where the soil 
is jaoh will be considerable; in those parts where the soil is poor 
the growth of the timber or fibre will be of a less strong character. 
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nncl in t.h oho areas wIiptg very cold weather prevails for a consider¬ 
able proportion of the year, the growing period is short m com¬ 
parison, and hence the rings are closer together and forms timber 
more dense and even in character. 

The more rings visible in the deal, the older will be the tree from 
which the deal has been cut. 

Sap or Sapwood. —It does not necessarily follow that sapwood, which 
is usually condemned in timber for building purposes, will be unsatis¬ 
factory for paving purposes ; but there are points which should bo 
observed, viz, that the sapwood in a deal with a very hard heartwood 
will prove unsatisfactory, beoause of this nneven characteristic ; whereas, 
if the sapwood and heartwood was of an even character, both would 
probably wear equally well when oreosoted. It is therefore a matter 
for critical examination, and the engineer has to consider whether 
a timber which might be useless for other purposes would not be 
adaptable for road surfaces. 

Pitch-Pine haB been successfully used as a wood-paving material. 
Oroosoting would in this case bo of little value, as the timber is full of 
resin which would prevent the creosote from penetrating. 

Greosotlng. —All soft woods are oreosoted at the rate of 10 lbs. of 
creosote to the oubic foot of timber. The creosote should oontain 8 per 
cent, of tar acids. Before oreosoting, the timber should be properly 
seasoned and not newly delivered, as frequently the timber contains 
moisture, and if this has not been eliminated the creosote will not 
take its plaoe, but only penetrate the blook in parts. Then there 
are defeots in timber which can only be deteoted by one who has 
expert knowledge, and can tell bho difference between “ dead ” and 
“ live ” timber. 

Creosote is used in order to lengthon the life of the timber. 
It is quite possible that in some roads, where the traffic is very 
heavy and the life of the paving very short, creosotmg has little, if 
any value, except to the sapwood portion of the blook, beoause the 
wear of the blook is more rapid than the deoay of the timber. 
The writer has known ordinary deals cut m blocks, laid in a 
roadway, whioh after a period of twelve years have shown no sign 
of deoay. 

In some districts unoreosoted timber has been laid in the main 
thoroughfares for many years without apparent disadvantage, but there 
is a sanitary advantage in the faot that the oroesote sterilises the unne 
and prevents it penetrating into the fibre of the blook. 

Method of Laying Blocks.—The blocks are laid on a perfectly smooth 
faoe of oonorete. The oonorete is usually about 6 inches thick (6 to 1), 
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and a surface of concrete made with 3 of sand to 1 of cement is floated 
over the faae of the concrete to the surface, which is to bo exactly the 
depth of the block below the finished surface. The ooncreto should be 
exposed to the air for a fortnight, and the surfaco floating for at least 
a week, so that when the time arrives for the laying of the blooks the 
conorete shall bo properly set and hard. The blocks may be dipped 
in a hot composition of slowly distilled tar in the form of pitch, generally 
known as “soft,” %.e. a penetration of about 70° and 80° F. on the standard 
penetrometer, and immediately laid close-]ointed. Afterwards the joints 
are filled up within 1 inch or li inohes from the surface with tho mixture 
of pitch and the remaining portion is filled with cement and sand 
(2 to 1). It must be carefully examined to see that the joints are 
properly filled with pitch, otherwise the water will penetrate between 
the blocks and get under them, and probably lift them, so that they 
will have to be relaid. 

The bloaks should be laid in hot or moderatoly hot weather, that 
is, when the blooks are at the least size by reason of their contraction; 
but it is not imperative that this should be the case. For soft-wood 
paving the spaoe at the kerbs should be 1^ inches, and filled up with 
olay, so as to allow of the timber expanding without doing damage to 
either kerbs or flags forming the footway. 

Advantages of Soft-Wood Paving. —The advantage of this class of 
paving is that it is silent and is not slippery; also, if a blook should 
show weakness, tho surrounding blocks wear down to that of tho woaker 
blook, so that tho depression is not, as a rule, very sudden, and the 
surface oven towards the end of its life is of a smooth and comparatively 
oven character. 

life of Soft-Wood Paving. 1 —Tho life of tho oreosoted blook is difficult 
to determine. The writer has taken up a pavement that has been down 
for seventeen years, but as there is always a fair proportion of the area 
of tho streets that receive only a small proportion of the traffic, those 
areas will give up a quantity of blocks that show little wear. Tho whole 
of the material is taken to the depfit and the timber sorted into various 
sizes—3 inohes, 3$ inohes, 4 inches, 4J inohes, and 5 inches. The 
blocks are oleaned free from tar, ccmont, eto., and the edges squared, and 
this timber is laid again in the streets In one oase there was a sootion 
of a main thoroughfare laid with blooks that had been previously used 
in a road during a period of fifteen years ; after being down about 
four years these were again cleaned, and have been plaoed in other roads 
wherever repairs have been neoessary. Thus it is quite within reason 
to say that the blocks will last twenty-five to thirty years, especially 

1 Seo page 08. 
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whore they arc in a position where traffio is not so severe as to wear 
them to any considerable extent. 

The Local Government Board, for some reason or other, defines the 
life of soft wood for loan purposes at ten years. 

But if the life of the wood paving that has been laid in London was 
taken, exceptionally fow areas would be found whore it was removed 
within ten years, and the average would be more probably about 
fifteen years On examining the table on page 69, we find only one 
plaoo where the paving has been removed in seven years, and that is 
on a bridge having a steep gradient where the wheels are braked 
and skids used. The heaviest trafficked road has a life of about eleven 
yoars, the groater area of the paving has a life of fourteen, sixteen, and 
Seventeen years, and several areas have a probable life of thirty years 

The calculation of the life is based on the total wear being 2 inches, 
this being the average total wear of a 5-inch block before it is removed 
from the roadway, the rate of wear each year being measured 

Cost of Wood Paving.— The cost of the paving is about 7s 6d. to 8s 
per superficial yard apart from the concrete, but it depends on the 
market price of the deals at tho time the work is done. 

ASPHALT PAYING. 

Anothor olass of paving which oompetes with wood paving and sett 
paving is known as asphalt. Probably this class of paving will come 
more into favour with the increase of motor traotion. 

There are various classes of asphalt, but those which have had the 
greatest success in this oountry are laid by such firms as the French 
Asphalt Company, the Limmer and Trinidad Lake Asphalt Paving 
Company, the Yal dc Travers Asphalt Company, and others. 

Composition of Asphaltic Rock. —The asphalt that is used by 
these firms is from a natural rook found in France, Germany, 
Italy, Switzerland, and Sicily. In its original state it is in the form 
of an impregnated, laminated, or amorphous bituminous rook. The 
bitumen is in the proportion of from 4 to 20 per oent, the remaining 
material is oomposed of fine oarbonaoeous limestone, which is made up 
of the remains of marine animal life, and is of such a character that a 
better and more thorough impregnation is made by the bitumen than 
would probably be the case if the limestone had been composed of 
crystalline oalcite. 

The fineness of the mineral matter may he gauged from the fact 
that on an analysis it is found to contain from 60 to 80 per cent, of 

material passing a mesh of you an ^ on ^7 ® P er cen ^- P aBain § a mea ^ 
of ^ inch. It may therefore be taken that the coarse material is the 
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roportion that is retained by a mesh, and the fine material the 
nount that is retained on a mesh. 

In some of the quarries the rook is found to contain too small a 
•oportion of bitumen, and would therefore not be suitable for paving 
adways; but by a judicious mixture of material from those quarries 
here the stone is found to be rioher in bitumen, or by adding 
ifficient bitumen suoh as that from the Trinidad Lake, a good 
aterial is secured, which contains about 12 to 13 per oent. of bitumen. 

Treatment —The rock as it is obtained from the quarries is broken 
), ground into a powder, and heated to a high temperature , it is 
en brought on to the job, laid to a thickness which on compression 
ves a net 2 inches, the compression being obtained by tamping with 
>t heavy iron punners, the resulting surface being hard and smooth. 

Mastic Asphalt —A mastic asphalt is also used for footpath paving, 
ide about 1 inch thick on a concrete foundation. This material is 
mposed of the carbonaoeous limestone in which bitumen is already 
pregnated ; further bitumen is added, together with a comparatively 
■ge quantity of dean sharp grit and sand. Mastic is also used for 
ifing and damp-proof courses, etc. 

Cleanliness of Asphalt—Asphalt paving is more noisy under traffic 
in wood paving, but, on the other hand, it oan be more satisfactorily 
ansed. It is not too popular with horse-owners, as it is considered 
be too slippery, and in a drizzling ram it is difficult to traverse its 
•face with a full degree of comfort. Up to the present no treatment 
3 been found to make it less slippery, but at the same time horses 
>n become accustomed to the surface. 

Weather Effect. —Very hot weather affects the material, but not to 
7 unsatisfactory degree ; it occasionally creeps and forms slight lumps, 
i although these may not be noticed by the casual observer, it is 
tde apparent in the wear of the substance. 

Trinidad Lake Asphalt.—This material is laid by the Limmer and 
inidad Lake Asphalt Paving Company, and is an artificial paving 
idc with Trinidad Lake bitumen and finely graded sand, etc., 
j proportion of fine material passing a ^pinoh mesh being about 
per oent. Thus the surface, being coarser than the asphalt, is not 
ite so slippery as the natural asphalt. There is no concrete, beoause 
asphaltio concrete is used which is laid about 3 inches thick, and on 
s is laid the above surface mixture about H inches thick, whioh when 
ted gives a smooth asphaltio surface. The proportion of bitumen in 
\ mass is approximately the same as in the natural asphalt. This 
Aah, Hie the other pavements of this type, is subject to creeping in 
7 hot weather, but owing to the asphaltic concrete underneath the 
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movement is not so noticeable as it is ■where the base is cement 
concrete; this failing, small as it is, can be remedied by hardening 
the bitumen 

Lithofalt. —The Limmor and Trinidad Lake Asphalt Company have 
also asphaltic blocks about 10 inches long, inches wide, and 1$ inches 
deep. Those are laid on green conorete, and cost pre-war about 4s. 9d. 
per superficial yard, the cost of laying being about Is. per superficial 
yard extra. The pavement is known as Lithofalt 

Other Asphalts. —There are other companies which make asphaltic 
pavings, and they are prepared to lay at cheap rates (1 e. oompared 
with the older companies) The material may be similar to that of the 
other companies, with this addition, that granite or other material is 
added, which, being cheaper in bulk, naturally oheapens the asphalt. 

It is purely a matter of how far the proportion of bitumen to the 
extraneous matter can be taken without injuring the composition as a 
whole. The well-known oompanics think their material is in the proper 
proportion for the traffic it has to withstand, and any further addition 
proportionately weakens the composition. The engineer has therefore 
to boar these facts in mind when considering the various asphalts. 

Note —The borough of Holbom in 1012 replaoed asphalt paving with granite 
sett paving The reason given is that with very hot weather and their heavy trafllo, 
the asphalt beoame wavy, and the depressions of the waves have so worn that ropairs 
have had to be made although the paving has been laid only three years. 

It would be unwise to oondemn asphalt paving from this experience. This fault 
of wavineBB is oapable of oorreotion m ospholtio mixtures. The temperatures in 1010 
and 1011 wore exceptional for this country, and now that it is known, with the traffic 
that lias to be met, the asphaltio composition will be adjusted accordingly, os has 
already boon done in other oases. 

There has boon laid in Glasgow an area of granite sett paving with very flno 
joints (ft inoli), obviously the odges of the setts will not bo so easily brokon, and 
the roadway should present a very fine surface over a long period of time. The 
surface would bo good for motor traffic with rubber tires, but it is non-rosiliont for 
all other traffic, and as a pavement very expensive in first cost. 

THE VIAGRAPH. 

In tbe future it will be more necessary for the engineer to know 
the relative condition of tbe surface of a road than it has been in the 
past, especially if the stitoh-in-timo repairs are a policy that will he 
adopted. It will also be desirable to have the information in the form 
of a record to determine when the road should be renewed. 

For this purpose the viagraph invented by Mr J. Brown, F.R.S., and 
made by Messrs Glenfield & Kennedy of Kilmarnook, will be very valuable. 

It oonsists of a straight-edge applied continuously to the road sur¬ 
face along which it is drawn at a foot-pace, and oarrying an apparatus 
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for recording on paper a profile of the road surfaoe, and indicating a 
nnmencal index of the unevenness. These, taken together, give quite 
a fair estimate of the quality of the road at the part tested. 

The instrument is in the form of a sled with straight runnerB; it can 
he folded so as to be easily earned 

Between the runners of the sled and protected by a hinged glass 
aover are mounted the working parts; metal struts connect the two 
runners and keep them rigidly in position. One of these carries a hori¬ 
zontal pin which aots as a pivot for a lever. At the opposite end of this 
lever, whioh is free to rise and fall independently of the frame, is fixed 
a revolving road wheel. While the main frame, on being drawn along 
the road, preserves a sufficiently even lino, the road wheel rises and falls 
over all the unevennesses of the surface. Through the lever this move¬ 
ment is transferred bo a penoil, which marks the amplitude of these 
movements on the paper, whioh passes round a drum. The, drum is 
rotated by a clookwork arrangement, and as the penoil marks are vortioal 
the amplitude of these movements are plainly marked and propor¬ 
tionate to the length of the road covered by the viagraph. The gearing 
is so arranged that the paper moves m the proportion of | inch to the 
foot. The vertical movement is full size. A second penoil marks a datum 
line. From this datum line the measurements oan bo taken of the rise. 
The sum of the depths of all these unevennesses constitutes the numerical 
index of unevenness,, and it is indicated on the decimal oountcr. Tliis 
is arranged by fixing a cord to the free end of the lever, led over a guide 
pulley, round a grooved pulley, and attached to a stretched rubber band 
attached to an eye in the frame. When the road wheel and lever 
descends, the oord rotates the grooved pulley, the rubber band stretch¬ 
ing to allow the neoessary movement of the oord. When the road 
wheel and lever rise again, the oord slips back on the pulley, the rubber 
taking up the slack, while the pulley is held fast by a brake ; thus the 
pulley rotates intermittently in one direction only, and the sum of the 
movement is indicated on a decimal counter in inclicH or in feet per 
mile as desired. The number recorded is tbe index of unevenness for 
that road, assuming the section of the road to bo a fair sample. The 
grooved pulley may be substituted by a ratohet wlioel of about 0-05 in 
pitoh, with triple differential pawls. This arrangement gives the measure 
of minute unevennesses, and in consequence the number of unevenness 
is much higher than m the former case. 

The length of road usually tested is 88 yards, and the apparatus is 
set so that it will automatically reoord that length, the striking of a 
bell indicating the completion of the length. The paper is removed, 
and a reoord of the time, plaoe, eto., is written upon it. 
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To scoure a good idea of the condition of the road, it is desirable 
that a series of diagrams should he taken parallel to each other, and if 
the positions are carefully noted, then at later periods similar diagrams 
oan he taken over the same lines and a oompanson may then he made 
and reoorded and kept for reference. If a datum level is also recorded, 
the rato of wear would also he more accurately secured. 

It is suggested that by means of these records payment hy the State 
or hy county oouncils might be made, the amount to depend on the 
condition of the road surface recorded in this manner; also, in cases 
of dispute as to the condition of the road, a series of diagrams covering 
the period before and at the time of the dispute would he invaluable 
It will be evident that the numerical indication is not by itself a 
clear index as to the unevenness, as it may reach a high figure in a few 
holes, therefore oompanson must he made with the diagram itself 
The three following diagrams give an indication of the records of 
three different roads — 


No. 1. The sum of the ruts is 12 to 14 feet per mile. 
„ 2. „ „ „ 42 feet per mile 

,, 3. ,, ,, ,, 134 ,, ,, 

No 1 would be considered an excellent road. 

,, 2 ,, ,, a fair road. 

,, 3 ,, „ a had road. 


It is interesting to follow those ruts as so recorded; the sum of the 
unevenness may be taken as representing in effect an artificial hill inter¬ 
posed by the bad state of the road. Taking the oase of No. 3 and suppos¬ 
ing the average sum to be 100 feet per mile, we have an artificial hill of 
that amount in eaoh mile ; consequently, any vehicle making a 30-mile 
journey on such a road has in effect to climb a hill (over and above any 
recognised hills on the road) made up of ruts alone. A vehicle weigh¬ 
ing one ton and travelling 7 miles per hour would require extra power 
to the amount of £ horse-power, or 35 owt. at 3$ miles per hour would 
require the same extra horse-power. In the seoond oase the extra 


power would be £ horse-power. 

Owing to the faot that the smallness of the road wheel would enable 
it to find ruts whioh an ordinary road wheel would not fall mto a skate¬ 
shaped slider ourved to a oircle corresponding to a wheel of average 
size is used (say 40-inoh diameter). This slider is attached to the via- 
graph by a hinged lever with a spring pressing it down on the road but- 
face, along which it slides close to the road wheel; it works a seoond 
profiling Jen and deoimal counter. The index of unevenness pven 
with the Lei is naturally smaller than that from the road wheel, it 
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works out on a macadam road about $ to § that of the latter. On asphalt 
the two counters give almost equal results 

The viagrupli is put forward by the inventor as useful for the follow¬ 
ing purposes:— 
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1. To ascertain the condition of roads at a distanoe without personal 
inspection ; any intelligent man or boy oan do viagraph testing. 

2. To obtain reoords of the surfaoe of any road from time to time 
under various systems of maintenance, and so oompare the relative 
merits of suoh systems. 

3. To make comparisons with roads of other districts in order to 
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emphasise the need of more expenditure, or a different treatment in the 
suTveyor’s own distriot 

4 . To keep a oheok on road surveyors or inspectors by oausing 
diagrams to be made of the road surfaoes in their respective districts. 
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5 . In aotions at law where the state of the road surfaoe is in question, 
to bring definite evidence of its exaot condition. 

6. In oases of dispute with contractors, to produoe graphio evidence 
of the state of the road surface in support of the surveyor’s contention. 

7. To make contracts for the repair of roads more definite by the 
insertion of a clause to the effeot that, when tested by the viagraph, 
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tho surface must not show a rut or depression of more than ... mohes 
nor any unevenness of more than ... feet per mile. 

8. To assist in settling olaims made for maintenance between oounty 
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oounoils and other looal authorities, by produoing before the arbitrator 
evidence of the condition of any road m question. 

9. To controvert complaints, if unjust, that may be made, either in 
the Press or otherwise, of the bad condition of any road, or to ascertain 
if the oomplaint is sufficiently well founded to need attention. 

The viagtaph would also be valuable to cyclists and others desirous 
of knowing the condition of the roads in any distant distriot in which 
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propose to travel, and to all associations or individuals wlio wish 
ltioise roads for the purpose of having them improved. 

*ig 57 shows the mileage of public roads maintained in Fulham. 

'ig 58 shows the amount of surfaoe wear of these roads. 
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i'ig. 59 shows the approximate amount of tons of grit removed as a 
t of internal attrition m macadam roads. 

i'ig. 60 shows the amount of gnt, manure, etc., soavenged and carted 
7 from the whole of the roads. 

'ig. 61 shows the approximate amount of moisture in the refuse so 
oted. 

'ig. 62 shows the oost per mile of repaving the wood-blook paving, 
hioh there is approximately 12 miles. 

'ig. 63 shows the oost of the repairs to these wood-paved roads. 
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Mg. 64- shows tlio combination of the diagrams 62 and 63 and the 
amount provided for in the rates eaoh year for the maintenance of 
the wood-paved roads. 

Fig. 65 shows the cost of scavenging the whole of the roads. 
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Fig. 66 Bhows the cost of oloansingthe sewerB. This is included beoause 
it was anticipated that, as the streets were rendered impervious, there 
would be less grit washed into the sewers. This result is aotually gained, 
but, as will be seen, the reduotion iB at a later period than the dato when 
the ,tai-Bpraying was commenced, and was more apparent in the year 
following the period when the bituminous roads were constructed. 

Fig. 67 shows the oost of repairing the other than wood-paved roads. 
The oost of the roads oonstruoted with a bituminous composition is 
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shown in dotted lines. The shaded lines show X x y the oost of such 
oonstruotion, as it is anticipated that this pavement will be in good 
condition for a period in excess of fifteen years. 
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It must be taken into consideration that sinoe 1914 the value of 
labour and material has increased out of proportion to the oosts and 
values that were prevailing then. 




CHAPTER XII. 


GOST OF MAINTENANCE OF ROADS 

In considering road-surface oonstruotion the cost of installation is an 
item of importance, but the cost of maintenance is of muoh greater 
importance. » 

Increasing Cost in Country. —During tho past few years county 
councils and looal authorities have been oomplaimng bitterly of the 
increasing cost of road maintenanoo Tho complaints havo, however, 
been confined to the areas outside large towns. Few of the large towns 
have complained, booauso they have been adapting the road surfaoes 
to the traffic ovct a period of many years, and it will prove to be the oase 
tliat, for example, tho London boroughs are actually decreasing rather 
than increasing the oost of maintenance with tho advent of motor 
traotion. 

Thoro are admittedly many oases whioh may be considered as isolated; 
e.g. in tho populous districts motor garages havo been erected, and the 
vehicles have to traverse streets that were previously only traversed 
by occasional tradesmen’s vehioles. In some of these garages there 
are from 500 upwards of motor oabs, whioh traverse these streets back¬ 
wards and forwards soveral times a day, and the macadam roads are 
in ooiisequonoe badly worn, so that it has been neoessary to wood pave, 
asphalt, or in some other way treat the road surfaoe to withstand the 
now olass of traffio whioh has oome upon these streets, and the oost 
for the time being has been largely inoreased. 

Decreasing Cost In Large Towns. —But, as a whole, the streets in 
large towns are decreasing in the oost of maintenance, and Mr Cooper, 
the engineer to the Wimbledon district, shows in a ohart the decreasing 
oost of maintenanoo in that borough (Proceedings Inst. C.E , vol. 
olxxxvi.), and the oharts (figs. 57-67) show how the oosts have 
deoreased in Fulham; and there is no doubt that many other popu¬ 
lous districts will be able to give evidenoe on similar lines. With an 
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alteration in tlie method of oonstruotion that has been suggested in these 
pages, there 'will be an equally considerable saving in the future costs 
of road maintenance on those now prevailing, and it would be interest¬ 
ing to know the effect of the tar-spraying and painting thut has been 
done throughout the country, notwithstanding the temporary nature 
of such application. 

Saving by Tar-spraying, etc.—The saving of approximately 6000 
tons of street Tefuse in Fulham is represented by at least £1200 per 
annum in cartage and shoot costs alone. The surface must naturally 
be the better for the gnt not being removed from the structure of the 
road, and must represent approximately about £2000 per annum, or 
about £60 per mile of road at least, whioh would enable a largo aroa to 
be reconstructed on better linos than the water-bound macadam surfaoe. 

It has been oustomary in the past to soavenge the roads by manual 
labour, probably the most eoonomioal way of utilising this labour is 
to provide the man with a barrow, whioh is built on three wheels and 
oan easily be pushed along the road, also a broom, shovel, and sorapor. 
He sweeps the manure, plaoes it in the barrow, and when it is full 
wheels it to an allotted place and a horsod or motor van oalls at a 
specified time, oolleots it and takes it to a shoot. 

Where, however, the road is oomposed of ordinary maoadam, this 
method is not applicable beoause of the laTge amount of material that 
has frequently to be removed In these cases horsed brooms or mechani¬ 
cally driven brooms are employed. 

The advent of motor vehioles and their popularity has reduced the 
quantity of manure to bo oollooted, and where the principal roads have 
been constructed with a wearing surfaoe of a bituminous character the 
necessity for brooms has been reduoed, and it is beginning to be felt 
that the sweeping of the streets might bo dispensed with and the more 
sanitary and satisfactory method of washing the roads bo adopted. 
The amount of deposited material to be washed from the roads will 
be exceedingly small under such f uturo conditions, and one of the advan¬ 
tages of washing is that the greasy material whioh is in evidence on 
smooth-faced roads under oertain weather conditions is likely to be 
more effectively removed than by the ordinary method of Hweoping. 

Amount of Slop Collected. —In some of the London boroughs the 
amount of street refuse is as muoh as 700 tons per mile, the lowest 
quantity being under 150 tons per mile. The quantity deponds largely 
on the class of traffic and its density, but that there is a large possible 
saving by the waterproofing of the surfaoes of suoh roads must be vory 
evident, and by adopting a permanent method of oonstruotion tht 
economy will be even greater. 
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Reduced Cost due to Improved Methods.— In natural asphalt and 
wood paving wo have two of the cheapest forms of surface oonstruotion 
over their respective lives, simply for the reason that the material wears 
only in proportion to the traffio traversing its surfaoe. In the oase 
of two-ooat bituminous paving, or where the traffio is light and the 
one-ooat bituminous surfacing mixture is used similar to that shown 
by analysis M on page 199, similar results will be obtained, with the 
greater advantage that the oost is very muoh less than either to instal, 
and is therefore available for streets with a lesser density of traffio, and 
whore natural asphalt and wood paving would be too prohibitive in first 
oost. In still lighter trafficked roads tar-macadam oonstruotion will 
give somewhat similar results. 

Census of Traffic. —While roads have been constructed on the water- 
bound system, there has been little or no advantage in taking a census 
of the traffio, because the wearing results are not dependent on the 
traffio, but on the traffio in combination with the weather In those 
oases where the weather ('.fleets are eliminated by whatever means, then 
the census of traffio booomos of value, and the wear and hfe of a road 
may be antioipated and judged fairly accurately. 

The life of wood paving or any other paving must not be taken as 
the period over which a loan.is given by the Government Departments, 
as those periods are purely arbitrary and of no value from a maintenance 
point of view. 

Wear and Life of Wood Paving. —The wear of the best Swedish 
soft-wood paving is 0-027 inch per annum per 100 tons per foot 
effective width of roadway per day, and by taking the total wear of 
2-0 inches we oan obtain the life of the paving. If the road is heavily 
trafficked, it may be impossible or impraotioable to repair the weak 
plaoos, and it booomos advisable to repave at an earlier period in 
oonsequonoe j the wear in suoh a oase will probably be only 1-50 
inohes. 

Suppose tho traffio is equal to five million tons per annum over an 
effective width of the roadway of 32 feet:— 


Life 


2-00 


6,000,000 

306 X100 


X-^X 0-027 
32 


17-3 years; 


or, if not repaired— 


1-60 

6,000,000 l_ 

366 X100 X 32 


=13 years. 

X 0-027 


Life 
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Wear and Life of Asphalt.—Asphalt paving is only 2 indies (leap, 
and therefore the wear is only about 1 moll when it iH rcpluocd by now 
material ; but the proportion of wear is nnioh less than in the ease of 
wood pavement, on account of -the greater resistance of the material 
as compared with that of the fibres of the. timber. Whereas the rate 
of wear per 100 tons per day per foot of width of roadway iH 0*027 inch 
per annum in the case of wood pavoments, it will only be 0*01 inch in 
asphalt pavements, and therefore the life, under the same conditions 
as in the above example, would bo about 23*4 years, or ubout 33 per 
cent, longer than the life of tho soft wood. When the material is laid 
the thiokness is 2 inohes, but under traffic there is compression, and 
it is only when the material has taken its full compression that real 
wear begins. 

The mothod of laying tho asphalt has therefore to bo carefully ganged 
in order that a not too groat compression is given to the material when 
it is first laid, otherwise wear will begin earlier than need be the case. 
In other oaseB where tho traffic is not heavy, compression is more severe 
in the laying, but this is gained by plaoing only 1^ inohes of matorial 
instead of 2 inohes. 

Reason of Unequal Wear of Wood Paving. —In the ease of wood 
pavements the wear takes place more rapidly whore the blocks are 
lightest or uneven in character. No amount of selection will obviate 
this eoonomioally. A tree grows with the stem of greater diameter 
at the bottom than at the top, so the fibres of tho top portion are not so 
dense as those at the foot of the tree, there not being the same proportion 
of heartwood. As tho deal from which the blooks are out are of evon 
size from end to end, if follows that one end of a deal may bo very hard, 
and the other end, comparatively, muoh softer; and as tho blooks out 
from the deals are laid indiscriminately, it will bo the case that there 
are areaB of softer wood and areas of hard wood, or they will he inter¬ 
mingled. The difference is not noticeable until after about eight years 
of fairly heavy traffic; then small holes make themselves apparent, or 
areas of about 2 or 3 feet in diameter. It is for this reason that the 
milder timber is probably a more satisfactory wearing material, although 
it may not last quite so long. 

Repair of Wood Paving. —The repair of wood paving under heavy 
traffic, as shown in the table, page 71, is about 2*6d per superficial yard 
per annum. The aotual oost of the repairs is shown, and also the oost 
of such repairs spread over the total area paved; but in the oases illus¬ 
trated the paving had been laid down from six to twenty-two years, 
and the rate of wear is due to heavy traffic equal to 5,000,000 tons per 
annum or 1200 tons per foot of width per day. An average trafficked 
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road would not Ik*. Iohh than 500 tons per day per foot of width, and there 
fore the cost of the repair of wood paving on suoh roads would noi 
exceed Id. per superficial yard per annum 

Thickness of Wood Paving. —The depth of the blocks is usually 
5 inches, but there is no reason why 4-inch blocks should not be nsec 
in lighter trafficked roads. The method of selecting the depth of tht 
block may bo obtained by adopting a classification of roads according 
to the estimated traffic, 1200 tons per foot per day and over, 600 tc 
1200 tons per foot per day, and 300 to 600 tons per foot per day. 

Assuming it to be over 1200 tons, multiply this figure by the rat< 
of wear, Hay 0*027 inch, divide by the width, say 30 feet, multiply tin 
result by 20, and add this to 3-0 inoh ■ wc have 5-16 inches ; a 5-incl 
block would bo tlui size required. In the case of 600 tons, the resul 
would give 1-08 inches, i.e. a 4^-inoh block would be sufficient; in tli 
cast' of 300 tons, a 4-inoh blook would serve the purpose Any lea 
depth than 4 inches off the saw would not be economical, and similarly 
as may be gathered, any greater depth than 5 inches would not giv 
more satisfaction than a 5-inoh block. 

Repair of Bituminous Macadam.- No repair has had to he mad 
in bituminous macadam under the writer’s control, but where trenohe 
have been out through the material, the composition has been reheate 
and put back again. In those cases where it disintegrated, the sui 
faoe was hacked and a surfacing mixture about f inch or 1 inch thio 
was laid on the top of the macadam, the cost of which being abon 
3s. per superficial yard actually laid. 

A good road Htruoturo should— 

1. Have a long life—fifteen to twenty years. 

2. Not need repair or attention for a period of five to seven years. 

3. Give a smooth and even surfaoe. 

4. Be clean, free from mud. 

B. Cause the least possible tractive effort. 

6. Not oost more than 9d. per superficial yard per annum, inoludin 

first cost spread over its life and yearly maintenance. 

7. Be easy to repair, with little disturbance to traffic. 

8. Be comparatively noiseless. 

9. Submit to heavy, moderate, or light traffic satisfactorily. 

10. Give reasonable foothold for horsed traffic. 

In the writer’s opinion the asphalt or bituminous pavement w 
answer all these tests in a satisfactory manner, but soft-wood pavii 
will hardly take seoond plaoe; in faot, there are many areaB where prefe 
enoe should be given to this olass of pavement. Hard-wood and ston 
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sett pavements, including Durax or Kleinpflaster and tar-mac.adam 
pavements, would take the third plaoe ; they eaoh have their respective 
spheres, in whioh one may be better than the other. 

The life of a road struoture depends on the weight of the traffic and 
its volume ; the gradient of the road ; the olimate of the locality. If it 
is a composition, it will depend to some extent on the human clement ; 
that is to say, there is a probability of unevenness in the laying, how¬ 
ever careful the men may have been to ensure the best results ; the 
weather that prevailed whilst the work was being oarried out is also 
a factor 


LAYING OF ASPHALT IN RAINY WEATHER. 

It is preferable that bituminous pavements should be laid in fine 
weather and also when the temperature is not too low. But there is 
no reason to suppose that good results will not be secured if the pavement 
is laid in moist or cold weather. Naturally no pavement would bo laid 
in the pounng rain As an example of what has been done, the reader 
is referred to an article by Mr T G Marriott in The Surveyor, Ootobex 18, 
1918, who was responsible for the construction of 5 miles of a bituminous 
pavement im Oxford during eleven months of 1915 and 1916. On 182 
days rain fell, and on 33 days snow fell; it was the wettest year experi¬ 
enced in that oity for 100 years, with one exception. While the mean 
rainfall in Oxford is not greatly in exoess of London, the winter olimate 
is by no means a favourable one for the laying of asphalt, being for the 
most part damp and raw, with occasionally extremely low temperatures. 
He says: “ On the whole, the asphalt laid in the winter months at Oxford 
bears favourable oomparison with that laid in the summer, and the writer 
sees no reason to doubt the efficacy of modem two-coat asphalt con¬ 
structed during moderately rainy weather. Given the essentials of a 
suitable sub-foundation, and particularly a well-designed asphaltic 
oonorete base, it would seem that the wearing surface or e topping * may 
be put down in any conditions of weather that the workmen engaged 
in laying it oan tolerate. On the other hand, the prejudice of engineers 
against the laying of compressed rook asphalt in any but the most favour¬ 
able weather conditions iB probably justified by the fact that this type of 
asphalt is always put down in a single layer on Portland cement ooncrete 
foundation, and is somewhat absorbent of moisture until full compression 
under traffic is obtained. 

“ The difference between rook asphalt and mechanically mixed asphalt 
in regard to water repellanoy at the time of laying is sharply brought out 
by a laboratory experiment the writer recently carried out. A small 
amount of eaoh kind of asphalt was taken in a loose condition and agitated 
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in an equal quantity of water for 30 seoonds m a test tube The rock 
asphalt (Sicilian) contained 10'5 per cent, of soluble bitumen. The 
meohanioally mixed asphalt contained 11-7 per cent, of soluble bitumen 
(Trinidad). After agitation, both samples were allowed to filter for 
1J hours. At this point the rook asphalt contained 67 per cent, of mois¬ 
ture, and the mechanically mixed asphalt 29-9 per cent. The samples 
were then plaoed in an air bath at 220° F for half an hour. It was then 
found, that the meohanioally mixed asphalt had thrown off all its mois¬ 
ture with the exception of 2-5 per oent, while the rook asphalt powder 
still held 29-8 per oent. Thus it will be seen that not only was the rook 
asphalt in this oondition more absorbent of water, but that it gives off 
its moisture more slowly than the meohanioally mixed asphalt. 

“ These oonolusions are in no way intended to impugn the quality 
of oompressed rook asphalt. On the contrary, the writer believes this 
typo of oonstruotion to represent the highest standard of asphalt paving 
for heavy traffic. It is merely intended to put forward reasons why the 
prejudice of engineers against the laying of rook asphalt in rainy weather 
need not extend to the modern two-ooat meohanioally mixed asphalt. 
This latter form of asphalt, consisting as it does of fine partioles coated 
with an adhesive film of bitumen, is obviously more water repellent at 
the time of laying than rook asphalt powder with its light impregnation 
of bitumen, and thus lends itself more readily to successful application 
during rainy weather. Moreover, in the two-coat work the bottom layer 
of asphaltic conoreto or binder aots as a key for the wearing surface or 
‘ topping ’ even when rain is falling, and also serves to a large extent to 
drain away any surface water.” 

This is the personal opinion of one who has a wide knowledge of 
bituminous pavements and almost a unique experience in the laying 
of that pavement in all parts of the oountry under very variable weather 
conditions. 

The author has been himself impressed with the latitude that can 
be given in the laying of the material, but he oannot wholly aooept the 
position that it is not detrimental to the structure to lay it in any con¬ 
ditions of weather that the workman can tolerate. Striotly, a man will 
tolerate any conditions if he is paid sufficiently well. There must be a 
limit, i.e. a rain limit. The topping should not be laid on a wet surface, 
so wet that the heat of the asphalt topping is unable to properly evapo¬ 
rate the moisture on the base-ooat in advance. If the moisture is not 
evaporated but is Bimply heated so that it forms steam which oannot 
get away, and as soon as the asphalt topping is cold the steam oondenses 
back to moisture, the moisture will prevent adherence to the base, or 
permeate the topping mixture to its eventual detriment. Probably on 
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a lightly trafficked road, or one that is submitting to a moderately heavy 
traffio, the effeot would not be notioeable for a few years, but that it will 
eventually tell in the structure is almost certain. There is a difficulty 
whioh should not be lost sight of, and it is that the plant, where the 
material is being manufactured, may be some distance from the road 
that is to be constructed, and the weather may be fine and satis¬ 
factory during the time the material is passing through the works, but 
when it arrives on the ]ob it may be raining heavily. If the work was 
not allowed to be proceeded with on account of the conditions of the 
weather, the difficulty of dealing with the material would be groat and 
costly, because, as soon as it is cold it sets like tsonoroto, and special 
arrangements would have to be made to break it up and rollout it. This, 
however, ought to be provided for; the base should be covered with 
tarpaulins or a weather-proof covering sufficient to enclose tho longth of 
roadway that is to be coated with the mixed material, and advantage 
taken of any subsidence of the rain to lay it in position. 
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APPENDIX I. 

RIDCUP TRIALS. 

The Road Board in 1911 made a series of experiments at Sidoup. 
Tlie objoot whioh the Board had in view was to seoure a service test, 
under uniform conditions, of a number of trial lengths of roadway laid 
down under the general dirootion and supervision of the Advisory 
Engineering Committee of the Board, so that a record of comparative 
results could be obtained in a better and more reliable manner than is 
generally obtainable in the ease of road surfaces laid down in the ordinary 
oourse of road maintenance in different parts of the country. 

The scheme for laying down the trial seotions was framed so as to 
Beoure that they shall be constructed and maintained in precisely the 
same manner as road-surface work laid down under normal service 
conditions, except that the cost of the work is to be provided by means 
of a grant from the Road Board, and tho entire work of construction and 
maintenance was to be subject to tho general supervision of the Advisory 
Engineering Committee of tho Board. 

Tho ohoioe of the road to be used for experimental work was the 
Bubjeot of oaroful consideration. It was desired to get a road on whioh 
the experience gained might be practically applicable to any maoadam 
road having to oarry a fairly heavy traffic, whether in town or oountry, 
but it was difficult to find a road of what may be desoribed as average 
conditions. The traffic on the road selected is much heavier, both as 
regards its kind and its quantity, than most roads have to oarry, and the 
trials therefore provide an unusually severe test; but it was thought that 
it was better to have a road the traffio on whioh was above rather than 
below the average, and that the results of the trials would be fairly 
applicable even to roads of lesser traffio density, in so far as they 
would indicate the comparative effioienoy and durability of the 
methods tried. 


OKI 
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It was also thought desirable that the road selected for the first 
trials should be in proximity to London, where it would be generally 
aooessible, thus enabling the greatest number of road engineers through¬ 
out the oountry to inspeot the work. 

The Sidcup soheme as earned out inoludes a total length of carriage¬ 
way of 2490 lineal yards and a superficial area of 18,420 yards. 

A summary of statistics of traffic on the Now Eltham-Sidcup road 
for the weekending 13th September 1910 was given, and the total weight 
of traffio passing over the road amounted to 2518 tons per day. 

Another traffio census taken for the weekending 21st August 1912 
gives 3547 tons per day, an approximate increase of 41 per oent. 

It should be noted that the cost per yard as stated (except in the case 
of the lengths laid by the Kent County Council) were the amounts paid 
to the oontraotors for small lengths laid under expensive conditions, and 
could not therefore be used as indicating the oost of laying the various 
materials in large quantities under average commercial conditions. 

The cost of scavenging the twenty-three sections for a complete year 
is returned by the Kent county surveyor (1913) as £127, 8s. 3d., being 
at the rate of £84, 18s. lOd. per mile 

The facing chart, which has been prepared by Mr H. T. Chapman, 
M.Inst.C E, the county surveyor of Kent, gives in a graphic form the 
original cost and the oost of repairs for each year until 1918. The life 
of the various pavements is not exhausted, and the final cost por annum 
over the oomplete life will not be determined for some years, exoopt in 
a few oases where reconstruction has been oarried out but the figures 
are interesting, and the author makes the few following comments whioh 
seem to be pertinent. 

In several oases the original oost inoludes the free maintenance of the 
area for a period of five years, and very naturally the oost would include 
a figure whioh would cover the maintenance for that period. 

Durax on pre-war prices would probably have been laid at a cost of 
about 5s. 6d. per superficial yard if it had been done diroot by the local 
authority. The oost per superficial yard per ann um would therefore 
have been at a muoh lower figure than is indicated in the diagram 
Seotion 23 cost originally 7s. 6d., but this has been done by other authori¬ 
ties at 4s. 6d., and the oost of maintenance being the lowest, would have 
also placed this seotion in the best position with Durax so far as the oost 
is concerned. 

Another pavement oalled Roadamant, at 9s. 3d., seems very high ; it 
inoludes a concrete foundation. It is a form of mastio asphalt, and mastic 
asphalt has been laid about 1 inch thick on an old maoadam road surfaoe 
at 3s. 9d. per superficial yard. There are instances where it has worn 
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exceedingly well, and tkotigh tins seotion seems to have failed, there was 
probably a fault in the composition; it should not be condemned in 
principle by this example. 

There are several seotions that have been experimentally treated 
with bitumen oarpets winch have apparently failed. Here again it is un¬ 
desirable to condemn this carpet system, because section 14 has been 
reconstructed with this bituminous mixture and is wearing apparently 
very well, and the cost of maintenance has been small; thus the 
bituminous carpet is worth testing still further, and especially so when 
seotion 23 has a bituminous carpet also. 

In the writer’s view section 23, 5, and the reconstructed No 14 show 
the best results to date. 

Tho next in merit seems to be section 3, but there are varying results 
of the single-pitch grouting. Sections 1, 2, and 8 have been recon¬ 
structed with this material, and their first costs, 2s 6^d., 2s. lid., and 
Gs. 3d. respectively, compare with 4s. Id , the oost of seotion 3. But 
Mr Chapman informs me that GO per cent, of old material was used in 
seotion 2 and 2B per oent. 111 No 1, whereas there were water difficulties 
to contend with in seotion 8, probably the 4s Id. was a fair representa¬ 
tion of tho oost of each on a “ new ” material basis. But, as will be 
■observed, the oost of maintenance of each of these sections varies con¬ 
siderably, sections 1 and 2 being about double that of Nos. 3 and 8 

Tho next in merit appears to be slag tar macadam, the two-coat 
pavement being superior to the single ooat This would point to the 
improvement which is secured by using finer material in the surfacing; 
the oost of maintenance, however, of this form of construction seems 
heavy in sections 9 and 17. The maintenance costH of seotions 7, 13, 
15, and 16 are low, but they have only been reconstructed about two 
yee^rs, so that a comparison is soaroely ripe. 


APPENDIX II. 

EXPANSION OF MATERIALS. 


Coefficient of Expansion. 

K. per F. 

Gasoline . 

. 0 0005 

Oreosoting oils. 

. 0 00044 

Fluid residual petroleum 

. 0-00039 

„ tars . 

0-00033 

Asphalt cement. 

. 0-00030 

Heavy refined tars .... 

. 0-00030 
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APPENDIX III 

SPECIFICATION OF WORK TO BE DONE AND MATERIALS TO 

BE EMPLOYED IN CONSTRUCTING A NEW STREET. 

1. Kerbing. —The new kerb is to bo 12 inches by 8 inches Norway 
granite, the best of its kind, of a uniform scantling, true and straight, 
free from all imperfeotions. 

No stone is to be less than 3 feet 6 inohes in length when delivered 
on the works, properly squared and tooled on the face, the full depth 
of the front, and 3 inches at the back, and to be dressed at right 
angles to the face, and with an underside that will bed eventy on a good 
foundation of Portland oement oonorete as per Clause 9. 

The oiroular kerb to be of the same quality and description and 
aoourately worked to the required radius. 

2. Channelling. —The channelling, except where otherwise specified, 
to be formed with 12 inohes by 6 inohes Norway granite of the best 
quality, true and straight, of uniform scantling, free from imperfections 
of every kind ; no stone to be less than 3 feet 6 inches long, properly 
squared, dressed and tooled at right angles to the face, with an oven 
underside, so that it will bed evenly and solidly on the oonoroto, the 
stones to be laid so as to break joint with the kerb. Tho circular stone 
to be of the same quality and description, and aoourately worked to 
the required radius. 

3 Crossings. —The setts used for crossings of roads and gateways to 
be 4 inohes by 4 inohes by 4 inohes Endorby, Harboro’, or other approved 
granite, properly squared and dressed to an even and regular face, and 
laid with broken joints. 

4. Bricks. —The brioks required are to be good, sound, hard, and 
well-burnt stock bncks of a uniform size and shape. 

6. Cement.— See specification for wood paving. 

6. Flints. —The flints for covering the road, if used, are to bo pro¬ 
cured from the neighbourhood of Sittingbourne, Kent, and are to be 
well soreened, free from loam, and of the best quality; no stone shall 
measure in any dimension more than 3 inohes. 

7. Sand. —See wood-paving specification. 

8 Thames or Pit Ballast. —See wood-paving specification. 

9. Cement Concrete. —See wood-paving speoifioation. 

10. Blue Lias Lime Concrete. —The blue lias lime concrete is to con¬ 
sist of 6 parts of pit ballast and 1 part of blue lias lime of an approved 
quality (the parts being ascertained by measurement of their volume 
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in proper measures), twine turned over and thoroughly mixed togethe 
in a dry state on a timber stage not lesH than 10 feet by 10 feet for hal 
a oubio yard of oonorete ; water is to be added (through a tobo if re 
quire.d), and the whole again twine turned over until a proper eon 
sistcncy is obtained. If the oonorete has oommenoed to set before beinj 
used, it is not thereafter to be used except aH ballast. 

11. Cement Mortar. —The cement mortar is to be composed of 
part of cement to 2 parts of clean, Hhurp sand, mixed on a propo 
banker, as previously described for the concrete, and used while fresh. 

12. Mortar. —The. mortar is to be composed of 1 part of blue ha 
lime or grey-stone lime and 2 parts clean sharp sand, the whole to b< 
mixed on a proper banker whilst the lime is hot, and immediately afte 
slaking. 

13. Cement Grout.— See wood-paving specification. 

11. Hard Core, - The hard ooro is to be composed of brick rubbisl 
(free from mortar, wood, shavings, or paper) or other approved material 
and is to be of not Iohs size than 3 inches in any measurement. 

If). Hoggin.---The hoggin is to he of the best binding quahty, fro 
from loam, clay, or earth. 

Hi. Stoneware. - All pipes, hends, syphons, junctions, etc., are to b 
of the best hard, well-burnt, glazed stoneware, free from flaws or oraokt 
All pipes are to be laid with a regular fall, and carefully jointed wit 
neat Portland cement, and where required the pipes are to ho beddd 
in and surrounded with concrete. 

17. Maoadam. The macadam iH to bo of the best Guernsey granite 
free from dirt or any earthy mutter ; it must he sharp and ovonl 
broken, of a size to pasH through a 2-inch ring ; the stonos must b 
reasonably cubical, and should the borough surveyor ho of the opinio 
that the maoadam is inferior in quality and has an undue proportio 
of small, thin, or flat Htonos, it will bo rejected, and such material mm 
bo removed from tho site of the works forthwith. 

The maoadam is to be carefully and evenly spread upon tho surfac 
of the hard ooro in two layers, eaoh layer to be 3 inches in thioknet 
when consolidated, and to bo properly Hloppod in with material di 
Boribed above and thoroughly rolled. 

The contractor is to deposit a sample of the macadam ho propose 
to use upon the road at the borough surveyor’s oflioe, previous to th 
signing of the oontraot. 

Execution oe Work. 

Setting Kerb. —All kerbstones are to be properly laid on a goo 
foundation of Portland oemoni conorete, as previously described, 1 
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inches wide and 6 inohes thiok, the ground to be excavated to the 
neoessary depths and widths, and an even and regular bottom formed 
with a cross-fall of £ inch towards the channel, and m such lines and m 
suoh positions and levels as the surveyor may direct. 

Channelling. —The channelling to be formed with 12 inches by 6 
inohes Norway granite, as before described ; the ground to be excavated 
to the necessary depths and widths, and an even and regular bottom 
to be formed to the falls and levels given , a bed of Portland cement 
concrete, as before described, to be laid 12 inches wide and 6 inches 
deep, on whioh the granite channelling is to be laid and well bedded 
while the concrete is in a mastio state. The cross joints and those next 
the kerb to be well flushed up with cement grout; all traffic to be kept 
ofl the ohannel for forty-eight hours after its oompletion The highest 
point in the ohannel to be -fa inoh below top of kerb, and an even and 
regular rate of inclination to the gullies is to be given to the surface of 
the channel. 

Crossings. —The crossings of roads and gateways are to be formed of 
setts of the sizes previously specified, and on the widths shown on 
drawings They are to be laid on a foundation of 6 inohes of concrotc, 
on whioh sand is to be laid £ inoh in thickness, on which the granite 
settB are to be laid in courses and straight lineB, and the jointB filled 
with cement grout, and properly rammed to a Bolid bed with a regular 
curve to the ohannels The traffic of all kinds is, as far ub poBBible, 
to be kept ofl crossings for four days after they are completed. A 
course of 7 inoheB by 5 inches by 12 inoheB dressed granite sotts is to be 
laid as a binding course on both sides of street orossingB. 

Footways. —Excavate and cart away earth from footways and be¬ 
tween kerb and back line (average width 6 feet) to an exaot depth of 

inches below the finished surface of paving. Two inches and a half 
of dean clinker ashes are to be laid on the prepared foundation, and well 
rolled to receive paving slabs. 

Any York stone required for paving the footways is to be new white 
York atone of a full and uniform thickness of 2J inches throughout, to 
be sound and hard, of a uniform and close texture, free from sand holes, 
flakes, laminations, and other defects, and to dry after rain of a uniform 
light oolour. Each Btone to be properly dressed to a level and true 
surface, and the jointB to be tooled square 

No new stone iB to be of a less area than 4 feet super, and shall not 
measure less than 1 foot 8 inches in its smallest dimension when de¬ 
livered on the works. 

The artificial Btone to be of the best of its kind, of a uniform thick¬ 
ness and size, the stone to be sound and hard, with sharp arrises, free 
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from imperfections of every kind. No Btono will bo aoceptcd whioh baa 
lieeu in ntnr.lv for a Iohh period than nix months Tho stone will have to 
sustain a load of one ton between Hupporls, 2 feet apart, without break¬ 
ing or allowing any signa of frue.turo. The stone for testing will be 
taken from the worliH, and should 15 per eent. of tho stones so tested 
not hold out to the above requirements, the whole of the stoneB, of which 
them* toHt- h 1 fines form a sample, will be condemned, and must be taken 
off t ho ground immediately upon notice from the surveyor. 

The grout, for the artificial stone is to he composed of equal parts of 
blue lias fir grey-stono lime and water well mixed together. 

Carriageway. The whole of the present surfaoc of tho carriageway 
is to be cleared of mud, slop, and dirt, and excavated, to tho required 
depth below the level of the finished surface of tho road. The excavated 
material is to he screened through a sieve of 1-inoh mesh, and the residue, 
if suitable, and which may he defined rh hardcore (seo Clause 14, p. 255), 
used us hardcore topping in hucIi places and thickness as tho surveyor 
directs. Tin* material passed through the siove is to bo moved from 
the works by the contractor. 

A trenail at least 20 feet long and the full width between kerb lines 
is to he kept clear of hard con* during the progress of tho excavation. 

Hardooro is to be Rpread over the carriageway to a depth of 12 
inchcH when consolidated by rolling, and the surface so formed is to be 
rolled until consolidated, or as may be required by the surveyor. 

The surface of the hardcore is to be covered with two layers of 
macadam, as previously described, oaoli layer 3 inches thick when con¬ 
solidated by rolling, and a steam-roller, of not more than twelve tons 
in weight, is to roll eaoh layer until tho whole is consolidated, before 
chippings, hoggin, or water is added. Granite clippings arc then to be 
spread over each layer, the last to have also a small quantity of hoggin, 
and water added so aB to make a grout, which is to be swept into the 
spaces between the stones until they arc filled. During this operation 
the steam-roller is to roll the surfaoo until the mass of broken stones 
and grout is thoroughly consolidated, and the finished roadway in 
aentre is not to be more than 4J inches above kerb level. 

The carriageway so formed is then to be as far as possible protected 
from traffic for three dear days after it iB finjshod, or for a further time 
if required. Tho contour of the oarriageway when finished shall be 
evenly and regularly ourved to the levels given from the channel against 
the face of the kerbstone on either side to the oentre of the oarriageway, 

as shown on detail drawing. . 

The gullies to be stoneware gullies of an approved type, with dished 
bottoms, 1 foot 0 inches diameter inBide, and 4 feet deep from the top 
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of the gully. Each gully will be tested by filling with water, and those 
that leak or have any other defects will be oondemned and must be 
taken off the works at once. They are to be set and surrounded 111 
cement oonorete 6 inches thiok, as previously described, and to be fixed 
while the oonorete is in a plastic Btate, the finest of the oonorete to bo 
selected for this purpose, and no oonorete with large stones will be 
allowed to be used. 

The iron gully gratings, as per detail drawing, or of an approved 
make, to be provided and fixed and well bedded m cement, oare to bo 
taken that it has a true and even bearing on the York stone ; the atone 
must nowhere oome m oontaot with the stoneware gully; the outlet 
or swan’s neok to be bedded in concrete, as shown on detailed drawing. 

Exoavate for and fix in the aide of sewer, where necessary, a 6-inoh 
block flap-trap, and oonneot from same to swan’s neck with 6-inoh pipes 
jointed in neat cement, and provide and fix all necessary pipes, junctions, 
and bends. The whole to be earned out according to detail drawings, 
or as directed 

Make good the levels of the foot and carriageways of the adjoining 
streets so as to conform to the levels of the new work; if necessary, 
relaying the adjoining portions of the kerb, paving, channelling, etc., 
and providing new materials required to supply any deficiency. 

The whole of the works, on completion, are to be cloarcd from 
rubbish, and all other things used on, or ansing from, the oxeoution of 
the work, shall be oleared away, and the work left in a clean, neat, and 
tidy condition. 


SPECIFICATION OF WORKS TO BE DONE AND MATERIALS 
EMPLOYED IN CONSTRUCTING WOOD-PAVED ROADWAY. 

1. Sand. —The sand ib to be pit or Thames sand of the best quality, 
clean and sharp, and jjree from loam or clay. 

2. Thames Ballast. —The Thames ballast is to be clean, the stones 
are to be regular in size, and the proportion of sand to stones iB to be 
to the satisfaction of the surveyor 

3 Cement. —The cement is to be best Portland oement, complying 
with the British Standard Specification, of a pale grey colour, specific 
gravity of not leas than 3*15, or 3*10 one month after grinding, and 
oapable of sustaining an average tensile stress of not less than 400 lbs. 
per square inch of sectional breaking area seven days after gauging and 
immersion in water twenty-four hours after gauging, and 500 lbs. per 
square inch of section twenty-eight days after gauging, and is to be 



APPENDICES. 


259 


* 


dclivored into the works in sacks, weighing 200 lbs. net, marked with 
the manufacturer’s name. It is to be ground so that, when sifted in a 
sieve of 5770 meshes to the square inch, there (diall not bo a residue of 
more than 3 per cent. Sufficient oement is to be stored in or near the 
works for a fortnight’s use fourteen days boforo the commencement of 
the work, and an oqual quantity is bo remain stored during the progress 
of tile work until only sufficient work remains to be completed to use up 
the cement stored during tin 1 work. The oement will in all cases bo 
tested by tho surveyor with Adie’s testing machine, and the average 
taken of at least six tests, and any rejected by him is to be at once 
removed from the work without any question being raised. 

4. Concrete. —Tho ooncreto is to consist of 1 part of Portland 
cement and 6 parts of clean Thames ballast (large stone to ho in no 
greater proportion than 00 per oont.), tho parts being ascertained by 
measurement of their volume in proper measures, thoroughly mixed 
together in a dry state on a timber stage not Iobb than 10 feet by 10 feet 
for half a cube yard of concrete ; wator is then to ho added from wator- 
oan through a rose, and the whole again thoroughly mixed until a proper 
consistency is obtained. If the concrete has commenced to sot boforo 
being used, it is not thereafter to be used except as ballast. 

5. Cement Grout. —The oeniont grout is to ho made of 1 part of 
Portland oement, as described, and 3 parts of olean sand (tho parts 
being ascertained by measurement of their volume in proper measures), 
thoroughly mixed together in a dry state on a proper banker, and made 
as previously described for oonorete. 

6. Cement Mortar. —Tho oomont mortar is to be composed of 1 
part of Portland oomont, as before dosoribed, and 3 parts of olean, 
sharp sand mixed on a proper banker, as previously described for the 
oonorete, and used while fresh. 

7. Thames Ballast for Top Dressing. —Tho Thames ballast for top 
dressing is to he orushed and then sorecnod through u f-inoh mesh 
sieve. 

8. Excavation. —Excavato the whole of tho carriageways as directed,, 
including crossings, channellings, etc., wherever neoossary, to the proper 
depths and levels as required, carefully separate tho macadam, sot aside 
for re-use, fill into oontraotor’s cartH, and deposit where direoted within 
a radius of one mile from the job. 

9. Strip Roads. —Carefully strip roads of all old wood blocks and 
oart away to wharf, depot, or where directed. 

10. Existing Channel.— The existing granite kerb, or sett ohannels, 
paved areas, binding oourses, crossings, and oonorete under, where 
desoribed or necessary, is to he taken up and oarted at the oontraotor’s 
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expense to tlie wharf, depot, or as direoted. So mnoh of the existing 
kerb as approved by the surveyor is to be set aBide, re jointed, and relaid 
on Portland oement concrete 6 mohes thick, making out with new 
12-inch by 8-inch kerb to be obtained from the Borough Council. 

11. Floating.—The surface of all existing floating is to be picked 
perfectly free from all pitoh, asphalt, old floating, soft concrete, etc., in 
such a manner that the new floating will not alter the existing contour 
or increase the height of existing foundations unless otherwise directed ; 
the same is then to be brushed clean and free from dust, well drenched, 
and finished with a floated surfaoe, f inoh in thickness, composed of 
1 part Portland cement to 3 parts sand, as described for cement 
grout. The surfaoe of new concrete to be finished m a similar manner 
with proper and approved contours and with satisfactory falls to gullies. 
The finished level of this surface to be exactly 5 inches below and parallel 
to the intended surface of the wood pavement. All floating after com¬ 
pletion to be left exposed for seven days or longer, as considered neoessary 
by -the surveyor. 

12. Laying of Wood Blocks.—After the rendering specified above 
has been laid sufficiently long to become thoroughly hard and set, it is 
to be brushed dean, the block to be dipped in a hot mixture of pitoh 
p-nd creosote, or anthracene oil, and then to be quickly laid in position, 
buttqointed, and in parallel courses across the road. 

13. Wood Blocks.—The timber from which the blocks are to be cut 
shall be carefully selected fourth Swedish, close-grained, yellow deals, 
bearing the shipper’s mark, and whioli muBt be described in the current 
Timber Trades ’ Journal List. The blocks shall be of uniform size and 
weight and uniformly out. The timber shall, before being out, be sub¬ 
mitted to the surveyor or his representative, and no blocks shall bo 
sawn from timber of which the surveyor or his representative has not 
signified his preliminary approval. Pour samples sealed and marked 
with the contractor's name and shipper’s marks shall be left at the 
surveyor’s ofifioe for his examination with the tender, and any blocks 
.which may be brought od to the works and which may be inferior to 
these samples may be reacted by him. The surveyor or his representa¬ 
tive shall have full power to reject any blocks, either at the cutting yard 
or at the oreosoting works, and he shall also have power to reject any 
blooks after delivery on to the site of the proposed works, or at all or 
either of these placeB, whether creosoted or not, or which are not oreosoted 
in a satisfactory manner, or to the extent of 10 lbs. of creosote to the 
cubic foot of timber, or with a satisfactory quality of creosote. The 
blocks when cut shall be truly square and shall measure 9 inohes by 
5 inohes by 3 inches off the saw. The annular rings shall not be less 
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than 10 to the inch, not more than 2 inches of sapwood shall appear 
in any blook, and the percentage of suoh in bulk shall not exoeed 15 
They shall also bo free from largo, loose, or dead knots, shakes or otho] 
defeots, and shall not oontain more than 5 per cent, of waney edges 
Timber that lias not been properly storod and become dry will not be 
accepted. Caro must be taken to prevent tho blocks from becoming 
wet, aB any in suoh a condition, oithor from rain, bilge water, or otliei 
causos, must not be orcosoted. 

14. Oreosotlng. —The Council shall appoint a representative tc 
examine tho blooks, who shall have powor to cause the blocks to be 
spread on ,tho ground boforo being creosotod, and to out or mark as 
arranged by the surveyor any blook he may rojeot. Tho blookB after 
being approved may then be orcosoted, a sample lot with each oharge 
being weighed both before and after the process. Tho oreosoto to bo 
forced under pressure into them until they have absorbed an amount of 
10 lbs. to each oubio foot, and in suoli a manner that any block split 
open will show the oreosote to have penotrated right through. 

15. Creosote. —The creosote is to be a liquid heavy oil of tar, com¬ 
monly oalled oreosoto, and is to oontain not loss than 8 per oent. of tar 
acid. It will be subjected to analysis, and tho contractor is only to 
use such as may be approved by the analyst. 

16. Expansion Joint. —The oontraotor shall provide wooden battens 
l£ inches wide by the depths of tho blooks, whioh shall be used in tho 
channel against the kerb, and the blooks shall bo paved up to it. After 
the paving has been grouted in, thoBo battens shall be withdrawn and 
the space left shall be filled in with clay and gravel as directed. 

17. Examination of Blocks. —Aftor tho wood blooks are in position 
they will be examined by tho surveyor, and no portion of the paving is 
to be grouted in with oithor tho asphalt or oement until this examina¬ 
tion has been made and sanction given for the grouting to oommenoo. 

18. Composition between Joints. —Approved pitoh or bitumen is to 
bo heated and run between the blocks to a depth of 3 inches as directed. 

19. Cement Grouting. —The blookB are then to be grouted with cement 
grout until the joints are thoroughly filled. 

20. Protect for Forty-eight Hours. —After the completion of the 
grouting the work is to be protected for at least forty-eight hours before 
the road is thrown open for traffio. 

21. Crossings. —At the intersection of other streets the crowns of 
the adjoining streets are to be adjusted to run into the orown of the 
roadway that is being paved for that purpose, and whenever it may be 
neoessary, the existing roadways or part or the whole of the crossings 
to the adjoining streets are to be taken up and relaid with similar 
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materials or with new blooks as directed, making good with new whoro 
necessary in the opinion of the surveyor without any extra chargo over 
the amount of the contract At such intersections the wood blocks are 
to be laid diagonally, as may be direoted by the surveyor. 

22 Binding Courses. —Two courses of 7 inohes by 5 moheB by 3 
inches granite settB laid on 6 inohes concrete are to be laid as a binding 
course wherever the wood pavement would otherwise abut against a mao- 
adam road. The contractor may retain, re-dress, and re-uso sufficient of 
the old setts on the works for this purpose as approved by the surveyor. 

23. Two Coatings of Siftings. —After the road has been inspected a 
coating of f-mch crushed ballast for top dressing as specified is to bo 
spread over the wood pavement, and the pavement is to romain fenced 
in as deBoribed, before the road is thrown open to the traffio. An addi¬ 
tional coating iB afterwards to be Bpread over when direoted. 

24 Facilities to be afforded for Traffic and Passengers. —The work shall 
be done at such times and in such portions as the surveyor shall direct, 
and the workmen shall at all times afford suoh facilities for local traffic 
or the convenience of shopkeepers as may be directed by tho surveyor. 

25. Wood to be laid to Proper Falls. —The contractor must lay the 
blocks to suoh levels as are sufficient to satisfactorily oonvey away all 
water that may collect on the surfaoe and in the ohannels at any time, 
and the work will not be taken over by the Council until this is done 
to the surveyor’s satisfaction. 

26. Contingencies. —Provide the sum of £ for contingencies. 

ThiB sum to be deduoted in whole or part from tho oontraot as may be 
direoted. The contractor must fill in tho annexed sohedule so far as 
the itemB refer to any portion of this contraot. 

27. Incidental Works. —The contractor’s prioo per superficial yard 
for supplying and laying wood blocks 9 inches by 5 inohes by 3 inohe s 
off the Baw is to include for all necessary outtings, raising manhole tops, 
ventilators or other covers, stop-cock boxes, gully tops, making good 
to existing wood paving, relay crossings, binding courses, and all works 
incidental thereto and necessary in order to leave a perfect and satis¬ 
factory job. 


SPECIFICATION OF WORKS TO BE DONE AND MATERIALS 
TO BE SUPPLIED IN CONSTRUCTING A TWO-COAT 
BITUMINOUS PAVEMENT. 

Materials. —As described in previous specifications. 

Kerbing, channelling, footways to be carried out in accordance 
with the methods described m previous specifications. 
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Foundation of Carriageway. —The substructure to bo composed of 
dry bard material capable) of supporting a steam-roller weighing 10 tons, 
with driving wheels of a tiro width of 10 inches, without leaving an 
impression of its track on the surface. Any soft permeable material 
to be, removed to a depth of at least 6 inohes, and replaced with 
broken stone, hardcore, clinker, or other suitable or approved 
matorial. 

Base Coat (or Binder Course). —Upon the surface so provided iB to 
bo placed a coat of bituminous macadam (or asphaltio ooncreto) laid 3 
inohes thick, the centre of the road to bo brought to such a level above 
the channel as to allow a fall from the oentre to the channel at the rate 
of | inch to the foot. 

The bituminous matorial is to be brought to the road in a hot con¬ 
dition, laid whilst still hot, and subsequently rolled with a Htoam-roller 
(described above). Tin* roller is not to be taken on to the material 
whilst, it is very hot, but not at suoli a late poriod that tho composition 
lias so cooled as not to allow of proper compression, and thus ronder 
the rolling ineffective. Generally the rolling should be continuous with 
the laying, but at a distanoe away. 

The material must bo rolled longitudinally and oross-rollod. 

The surface of tho rolled composition is to bo kept as clean as possible, 
no traffic of any kind is to be permitted upon it. 

If the composition whilst it is being rolled shows signB of cracking 
or waves under the rollor, tho substructure is defective and tho section 
must be removed together with the substructure and ruplaced with 
hardcore or concrete and the seotion roplaoed with the bituminous 
composition. 

Composition of the Base Coat (or Binder Course).— The aggregate 
to bo composed of suitable hard-stone clinker or a combination to be 
approved by tho engineer. Tho size of tho matorial varies: BO per 
cent, must pass a 2£-inoh mesh sieve and be retained on a f-inch 
mesh sieve, 30 per cent, must pass through a f-inoli mesh sieve and 
bo retained on a J-inoh mesh sieve, the remainder to be sand and fine 
dust. 

This material must be heated to a temperature of about 42B 0 F. 
and then takon to a mixer—tho tomperaturo at tho mixor to be about 
325° F.; hero it must have added to it about 8 per oont. of a prepared 
bitumen or tar whioh will have a penetration of approximately 120 
at 00° F. 

Composition of the Tar, etc.— Tho tar-binding agent will bo approxi¬ 
mately oomposed of— 
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Dehydrated tar (Engineering Standards No. 2) 

. 58 

per cent 

Pitoh. 

. 28 

99 

Trinidad Lake bitumen ... 

7*5 

99 

Kesin. 

. 1-5 

99 

lime (dehydrated and in powder form) . 

. 4-0 

99 


100-0 



The proportions may have to he varied according to the- consistency of 
tar and pitoh that is used. 

The Mixing Mill in which the aggregate and bituminous agent is 
mixed together is a mill having twin revolving horizontal shafts on 
which are placed fixed blades whioh reach to within 1 inoh of the bottom 
of the mixer. The shafts run in opposite directions, and thus is ensured 
a thorough coating of the aggregate. 

The bituminous composition must be in sufficient quantity to 
thoroughly coat eaoh particle ; the mixing should bo oomplete in 
minuteB As soon aB the mass is properly coated, the bottom of the 
mixer iB opened and the material dropped into the vehicle waiting below. 

If bitumen is to he used as the binding agent it must be suitably 
fluxed with oil to bring it to a similar consistency, i.e. a penetration of 
120 at 60° F., the weight to be 100 grms. and the time 1 second. 

The mass when laid and rolled on the road should form a dense and 
compact oonorete ; the surface will present a number of small croviccB. 
These crevices will act as a key for the surface coat whioh iB to be laid 
on it subsequently. 

For the spreading of the material prior to it being rolled, the men 
engaged on the work must be provided with rakes and shovels which 
are to he kept hot in order to facilitate the spreading and permit the 
work being expeditiously oarried out. 

Wearing-Surface Coat. —The asphaltic composition which is to form the 
wearing surface is to be composed of suitably graded minerals and bitumen. 

The approximate analysis is as follows :— 


Bitumen 


12 

per cent. 

Passing 

200 meBh 

. 10 to 17 

■■ ) 

99 

100 ,, 

. 10 „ 15 

„ y 35 to 40 

99 

80 „ 

. 10 „ 15 

„ 1 

99 

50 „ 

. 25 „ 50 

1 

99 

40 „ 

• 6 ,, 10 

„ >35 „ 45 

99 

30 „ 

. 5 ,, 10 

.. I 

99 

20 „ 

5 „ 10 

„ ) 

99 

10 „ 

. 5 „ 10 

„ VIC „ 35 

retained on 

10 „ 

- 1 „ 5 

.. J 
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Tho aotual grading must bo submitted to and approved by the 
engineer, who may order or permit a modification. 

Eaoh of tho partioles must bo olean, sharp, and free. 

Of tho 200-mesh material a largo proportion, i.e. 8 per oent., shall 
not, when placed in a flask about G inohes high whioh has been filled 
with distilled water at a temperature of 77° F., after being vigorously 
agitated, subside to tho bottom of the flask within fifteen seoonds after 
the agitation has ceased. 

The Bitumen to bo employed shall bo free from moisture or decom¬ 
posed organic matter, homogeneous, and present an even, regular glossy 
face when placed in a sample tin and allowed to cool. 

Tho penetration of a No. 2 cambric noodle, weighted with 100 grins, 
at 1 seoond, should bo GO at 77° F.,as indicated on a Bower penetrometer, 
not less than 3 at 32° F., and not moro than 200 at 120° F. 

Tho loss on heating for seven hours at 325° F. shall not be greater 
than 4 per oont. 

The loss on boating for seven hours at 400° F. shall not be greater 
than 8 per oont. 

It shall be soluble in 88° naphtha to tho extent of not loss than GO 
per oent. or more than 75 per oont. of total bitumen soluble in carbon 
bisulphide. It shall not be moro than 1£ per oont. less soluble in carbon 
tetraohlorido than in carbon bisulphide, both tests being made at air 
temperatures. 

The amount of fixed oarbon shall not exoeed 15 per oent., and the 
amount of paraffin scale not to oxooed 3 per cent. 

The film of bitumen on eaoh surfaoc of the partioles omployed in 
the composition shall not bo loss than -00065 inch thiok, calculated 
aooording to the table on page 190 of this book. 

When tho mixing of the aggregate and bitumen has been made and 
a batch deposited in the vehicle, a sample shall bo taken from the 
bulk and a pat-pa pur tost made ; tho stain left on glazed paper shall 
approximate closely to that shown on Plato II., page 202, of this book. 

The materials, mixing, and the tests shall bo made by tho engineer 
or by the oontraotor at his expense, and tho whole of tho manufacture 
shall bo open to the inspection of tho engineer at all times during the 
progross of the work. 

Tho heating of the aggregate shall bo brought to a temperature of 
about 400° F., and shall be mixed in the mixer (already described—the 
blades in this case will reaoh within £ inoh of the bottom of the mixer) 
at a not lower temperature than 320° F., and to suoh an extent that 
eaoh particle is properly and thoroughly ooated and the composition 
issuing from it homogeneous. 
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The wearing-surface coat shall be laid so as to give a rolled thickness 
of 1J inohes. The composition must be delivered at the road in vehicles 
suitably insulated so that the temperature of the material when de¬ 
posited is not lower than 250° F It must then be properly spread and 
pushed into position by hot rakes in suoli a manner as to facilitate a 
homogeneous mass being seoured when it is rolled. The surface is to 
be rolled while still in a moderately hot state with a 6-ton tandem roller.i 
the roller wheels to give not more than 250 lbs. to the mcli run of tread. 
Longitudinal and cross rolling to be done until the surface is oven and 
regular 

If the surfaoe shows signs of fine cracks, it will indioatc that tho 
understruoture is unsatisfactory, and this area must be taken out and 
replaoed with such material as will give the necessary results. Any 
areas which show the composition to be non-homogcneous must be 
filled up with hot material and ironed hot to an even face. 

Samples of the pavement when laid shall from time to time bo taken 
from the road after the wearing surface has been laid and tested by 
analysis and grading. The results must oonf orm to the specified analysis 
in suoh a manner as will be approved by the engineer. 


BRITISH STANDARD NOMENCLATURE OF TARS, PITCHES, 
BITUMENS, AND ASPHALTS WHEN USED FOR ROAD PURPOSES. 3 

Introductory Remarks. 

The materials now used by road engineers for binding together the 
stones and other mineral aggregate used to form road crusts and road 
surfaces may be conveniently divided into three groups. These are 

1. The tars and pitches obtained by tho destructive distillation of 

ooal or similar substanoes. 

2 . The bitumens and asphalts whioh are found m nature, or are 

obtained artificially from asphaltic oils. 

3. Chemical binders, including the Portland and natural cements, 

whioh owe their cementing value as road binders to ohemical 

aotion, and which are not dealt with in the present report. 

1 There is a divergence of opinion on the weight of roller; the ordinary 10-ton 
roller has been used on the wearing-surface mixture and it has given excellent results 
from the point of view of “ finish ” to the surface, but whether^ will last as long 
ib doubtful, because the severer the compression the sooner will actual wear begin. 
On the other hand, it may assist in giving a less wavy surfaoe. 

a Reproduced by permission of the British Engineering Standards Association 
(formerly the Engineering Standards Committee) from their Report No 70, 1910. 
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Hitherto tlu* term “ bituminous material ” lias boon loosely applied 
to tar produots as well as to bitumens and asphalts, but the Committee 
have from the first oonsidorod that it was desirable from the road 
engineers’ point of view to maintain a sharp line of demarcation between 
the two groupB. The views put forward in correspondence from America 
and by Amerioan engineers of standing and experionoo have been care¬ 
fully considered, but the Committee still adhere strongly to the view 
that the description “ bituminous ” should be applied only to the 
seoond group 

In this country the first group of road binders, the ooal tars and 
pitches, has been in use for many years, and as the Road Board in 
1911 issued Specifications for the tars, tar oils, and pitohes, whioh they 
recommended for road purposes, these materials have already to some 
extent been defined by those Specifications. The Road Board early 
in 1914 issued a second edition of these Specifications. Only two 
olassos of tar and one class of pitch are dealt with, and as these Speci¬ 
fications are of such recent date, tho Committee recommend that they 
bo adopted provisionally as the British Standard Specifications for 
tars and pitohes used for road work. 

Tho Committee find that the choice of names for the seoond group 
of road binders is a matter of some difficulty. Tho difficulty is in¬ 
creased by the fact that whilst it is desirable to obtain tho con- 
ourrenco of tho Amorioan engineers to tho nomenclature and 
definitions which the Committee now propose, the adoption of the 
Amerioan nomenclature for the various materials composing this 
group would be liable to load to confusion and misunderstanding in 
this country. 

Tho Committee have boon very anxious to soouro uniformity with 
Amorioan practice, and have carefully and fully considered the defini¬ 
tions adopted by tho Amorioan Sooioty for Testing Materials, and 
by tho Committee of tho Amorioan Society of Civil Enginoors, put 
forward by the Amerioan corresponding members, but it is felt 
that tho definitions now deoidod on are preferable from tho road 
engineers’ point of view, aB they are based on those oliaraatoriatios 
of the materials whioh oan bo most readily vorifiod when employed 
for road making. 

In accordance with this view, the Committee oonsider that it is 
desirable to make a sharp distinction between ooal tar and paraffin- 
oil derivatives on the one side, and native bituminous substanoes and 
asphaltic oil residues on the other, and they are therefore unable to 
aooept the American definition of bitumen whioh would include tho 
coal tars. 
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Definitions. 


First Group. 

TAR PRODUCTS (PRINCIPALLY COAL TAR AND PITCH). 

Definition of Tar. —Tar is the matter (freed from water) con¬ 
densed from the volatile products of tho destructive distillation of 
hydrocarbon matter, whethor this be contained in coal, wood, peat, 
oil, etc 

Prefix denoting Source of Origin or Method of Production. A prefix 
suoh as “ooal,” “wood,” “peat,” “gasworks,” “blastfurnace,” “coke 
oven,” etc., must bo addod to tho word “tar” to indicate the sou mo 
of origin or method of production. 

Definition of Pitch. —Pitoh is the solid or so mi-solid residue from the 
partial evaporation of tar. 


Second Group. 

BITUMENS AND ASPHALTS. 

Definition of Bitumen. —Bitumen is a generic term for a group of 
hydrooarbon produots soluble in carbon disulphide, wliioh either 
ocour in nature or are obtained by the evaporation of asphaltic 
oils. The term shall not include residues from paraffin oils or coal-tar 
products 

Norn—Commercial materials may bo doaorlbod as bitumon if tlioy contain not 
less than 98 per oent of pure bitumen as (lofinod above. 

Definition of Native Bitumen. —Native bitumen iH bitumen found 
in nature, oarrying in suspension a variable proportion of mineral 
matter. 

The term “ native bitumen ” shall not bo applied to the residuals 
from the distillation of asphaltic oils. 

Definition of Asphalt.—Asphalt is a road material consisting of a 
mixture of bitumen and‘finely graded mineral matter. Tho mineral 
matter may range from an impalpable powder up to material of 
suoh a size as will pass through a sieve having square holes of 
£ inoh side. 

Definition of Native or Rook Asphalt.—Native or rook asphalt is a 
rook whioh has been impregnated by nature with bitumen. 

Prefixes denoting Source of Origin. —The Committee reoommend that 
for oonvenienoe of identification prefixes denoting geographically the 
souroe of origin should be attaohed to eaoh of the four terms defined 
above. 
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Note. —The Committee desire to call attention to the fact that these 
Specifications are intended to include the techn/ical provisions 
necessary for the supply of the material herein referred to, hut 
do not purport to include all the necessary provisions of a 
contract. 

BRITISH STANDARD SPECIFICATIONS FOR TAR FOR 
ROAD PURPOSES. 

(Based upon the Road Board Specifications Nos. 4 and 5, and published 
with the approval of the Road Board.) 

Standard tar for road purposes in the United Kingdom shall be 
speoiiiod as under: 

BRITISH STANDARD SPECIFICATION FOR NO. I TAR. 

General. —This tar is suitable for the surface tarring of roads. 

As to the use of this tar for making tar macadam, Beo “ Road Board 
Genoral Directions for Surfacing with Tar Maoadam.” 

Heating. —The tar should bo heated to suoh a temperature that it 
will reach the road surfaoo in a highly fluid condition. The necessary 
temperature to attain this end will vary with the mode of application 
of the tar. The tar should bo heated in a heater or “ boiler ” specially 
designed to prevent frothing, which will otherwise inevitably ocour if 
the tar contains even a small percentage of water. The desired tempera¬ 
ture will generally be found in praotice to be between 220° and 240° 
Fahrenheit, or 104° and 116° Centigrado in the heater or boiler. 

Source of the Tar.— The tar shall bo derived wholly from the carbon¬ 
isation of ooal, except that it may contain not more than 10 per cent, 
of its volume of the tar (or distillates or pitoh therefrom) produoed in 
the manufacture of oarburotted water gas. 

Specific Gravity.- -The speoifio gravity of the tar at 15° Centigrade 
(50° Fahrenheit) shall be as nearly as possible 1*19, and in no case shall 
it be lower than 1*16 or higher than 1*22. 

Freedom from Water and Ammonia. —The tar shall bo commercially 
free from water, i.e, it shall not oontain more than 1 per oent. by 
volume of water or ammoniaoal liquor, wkioh water or liquor (if present) 
shall not oontain more ammonia, free or combined as oarbonate or 
sulphide, than corresponds to 5 grains of ammonia per gallon (= 70 
milligrammes per litre) of the tar. 

The amount of water or liquor is to be determined by condensation 
from the produots of distillation of the tar by oooling with a cold-water 
oondenser. Any water so oondensed, after measurement, should be 
separated from light oils whioh may have oondensed with it, and the 
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amount of ammonia m it should be estimated by direct titration with 
standard acid. The amount of ammonia thus determined should bo 
calculated in terms of grains of ammonia per gallon of tar. 

Fractionation. —On distillation in a litre fraotionating flask (a dis¬ 
tillation flask without speoial fraotionating oolumn) one-half to two- 
thirds filled the tar shall yield the proportions by weight of distillates 
stated below, the temperatures of distillation being read on a ther¬ 
mometer of whioh the bulb is opposite the side tube of the flask :— 

Below 170° Centigrade or 338° Fahrenheit, not more than 1 
per cent of distillate (light oils), exolusivo of water. 

Between 170° and 270° Centigrade or 338° and C18° Fahren¬ 
heit, not less than 16 per cent, and not more than 26 per cent, of 
distillate (middle oils). 

Between 270° and 300° Centigrade or 618° and 072° Fahren¬ 
heit, not less than 3 per cent, and not more than 10 per cent, of 
distillate (heavy oils). 

The total distillate between 170° and 300° Centigrade, or 338° and 
572° Fahrenheit, shall be not less than 24 per cent, and not more than 
34 per oent.; i.e. where the middle oils approach the maximum allowed, 
the heavy oils should approaoh the minimum allowed, and vice versa 

Naphthalene. —The distillate between 170° and 270° Centigrade, or 
338° and 518° Fahrenheit (middle oils), shall remain olear and free 
from sohd matter (orystals of naphthalene, eto.) when maintained at a 
temperature of 30° Centigrade for half an hour. 

This requirement may be waived m the oase of tar supplied direct 
from gasworks, but the tar from which thB naphthalene has boon ex¬ 
tracted is preferable to tar containing much naphthalene. 

Phenols.— The distillate between 170° and 270° Contigrado, or 338° 
and 518° Fahrenheit (middle oils), shall not yield to oauHtio soda solution 
more crude tar acids (phenols) than is equivalent to 3 por oent. by 
volume of the tar. 

The following is the standard method of estimating the crude tar 
aoids :— 

Warm the middle oils to about 30° C. in a measuring cylinder. 
Weigh a flask of about 150 o.c. capaoity; pour 100 0 . 0 . of the warm 
middle oils into it, and weigh again. The difference gives the weight 
of 100 0.0 of the middle oils. Warm the oils in the flask to 40°-fi0 o C. ; 
add to them 30 o.c of solution of oaustio soda, having a specific gravity 
of about 1-2, shake the mixture vigorously and keep it at 40°-50° C. for 
fifteen minutes. Then shake the mixture again vigorously for a minute, 
pour it into a stoppered-separating funnel, and allow it to rest therein 
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until the solution of oaustic soda has separated from the oil. If 
separation does not take plaoe rapidly and distinctly it may l>o fuoilitu 
by adding 25 c o. of benzol to the mixture. The soda solution free fr 
oil is drawn off through the tap of the funnel into a l<U)-o,o. measur 
oylinder, and the oil is returned to the flask, and -warmed and ext run 
with 20 c c of solution of caustio soda exactly as before. TIuh s< 
solution is also drawn off into the 100-e n. measuring cylinder, the c 
tents of whioh are made slightly acid by gradual addition, with ger 
stirring, of hydrochlorio aoid. The crude tar acids separate and oo 
to the top on standing, and their volume is read oiT on the scale of 
moasuro. Sinoe 100 c.o. of the middle oils was taken for the estii 
tion, the reading givos diroctly the percentage of crude tar acids in i 
middlo oils. 

If w=volumo of tar acids found, w=the weight in grammes of 1(10 c 
of the middle oils : £c=thc percentage (by weight) of middle oilH in 1 
tar, and s=tho specific gravity of the tar, then the percentage by volu 

of crude tar aoids in the tar is-. 

w 

If 100 o.e. of middlo oils is not available for estimation, u hiuuI 
measured volume may be taken, and the quantitates of soda solution in 
roduood in proportion. The necessary modification of the calculali 
of the rosult can bo readily made. 

Free Carbon. —The tar shall contain not less than 12 per cent, il 
not more than 21 per cent, by weight of free carbon. The free carb 
is to bo determined by the weight of the residue after complete oxt.ri 
tion of all matter soluble in benzol or disulphide of carbon. The e 
traotionis bost carried out in a Soxhlot or similar apparatus by dinulphi 
of oarbon followed by benzol. 

BRITISH STANDARD SPECIFICATION FOR No. 2 TAR. 

General. —This tar is suitable fur makiug tar nuieadam, and nl 
may bo used for surfaoe tarring in very hot weather when tlm roi 
crust is exceptionally dry. 

Heating. —For surfaoo tarring the tar should bo healed to hucIi 
temperature that it will reach tho road Hiirfaec in a highly fluid mi 
dition, Tho neoessary temperature to attain this end will vary wi 
the mode of application of the tar. Tho desired temjKirature will 
generally found in praotioe to be between 200° and 280° Fahronht 
or 124° and 138° Centigrade in tho heater or “ boiler.” Tho tar ohou 
be heated in a heater or “ boiler ” specially dosignod to pro vent frothin 
whioh will otherwise inevitably ooour if the tar contains even a smi 



MODERN ROAD CONSTRUCTION. 


272 

percentage of water. For the preparation of tar maoadam the tar will 
not generally need to be heated to so high a temperature as for surface 
tarring, but the necessary temperature should bo determined largely 
by the sensible heat of the stone treated with the tar, and the mode of 
application or treatment. 

Source of the Tar. —The tar shall be derived wholly from the carbon¬ 
isation of ooal, exoept that it may contain not more than 25 por cent, 
of its volume of the tar (or distillates or pitch therefrom) produood in 
the manufacture of carburetted water gas. 

Specific Gravity. —The specifio gravity of the tar at 15° Centigrade 
(59° Fahrenheit) shall be as nearly as possible 1*21, and in no case shall 
it be lower than 1-19 or higher than 1-24. 

Fractionation. —On distillation in a litre fraotionating flask (a dis¬ 
tillation flask without special fractionating oolumn) 0110 -half to two- 
thirds filled, the tar should yield the proportions by weight of distillatos 
stated below, the temperatures of distillation being road on a thor- 
mometer of whioh the bulb is opposite the side tube of the flask :— 

Below 170° Centigrade or 338° Fahrenheit, not more than 1 
per oent of distillate (light oils and water, if any) 

Between 170° and 270° Centigrade or 338° and 518° Fahrenheit, 
not less than 12 per cent, and not more than 18 per cent, of 
distillate (middle oils). 

Between 270° and 300° Centigrade or 518° and 572° Fahrenheit, 
not less than 6 per cent, and not more than 10 per oent. of distillate 
(heavy oils). 

The total distillate between 170° and 300° Centigrade, or 338° and 
572° Fahrenheit, shall not be less than 21 per cent, and not more than 
26 per cent., i.e. where the middle oils approach the maximum allowed 
the heavy oils should approaoh the minimum allowed, and vice versa. 

Naphthalene.— The distillate between 170° and 270° Centigrade, or 
338° and 518° Fahrenheit (middle oils), shall remain clear and free from 
■ solid matter (orystals of naphthalene, etc.) when maintained at a tempera¬ 
ture of 25° Centigrade for half an hour. 

Phenols. —The distillate between 170° and 270° Centigrade, or 338° 
and 518° Fahrenheit (middle oils), shall not yield to caustic soda solution 
more crude tar acids (phenols) than is equivalent to 2 per oent. by 
volume of the tar. 

The following is the standard method of estimating the crude tar 
acids:— 

Warm the middle oils to about 30° C. in a measuring oylindcr. 
Weigh a flask of about 150 0 . 0 . capacity ; pour 100 c.o. of the warm 
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middle oils into it and weigh again. The difference gives the weight of 
100 0 . 0 . of the middle oils. Warm the oils in the flask to 40°-50° 
add to them 30 o.c. of solution of oaustio soda, having a speoific gravity 
of about 1-2, shake the mixture vigorously and keep it at 40°-60° C. for 
fifteen minutes. Then shake the mixture again vigorously for a minute, 
pour it into a stoppered separating funnel, and allow it to rest therein 
until the solution of oaustio soda has separated from the oil. If the 
separation does not take plaoe rapidly and distinctly, it may be facilitated 
by adding 25 0 . 0 . of benzol to the mixture. The soda solution free from 
oil is drawn off through the tap of the funnel into a 100-e c. measuring 
oyhnder, and the oil is returned to the flask, and warmed and extracted 
by 20 0 . 0 . of solution of caustio soda exactly as beforo This soda 
solution is also drawn off into the 100-c.o. measuring oyhnder, the con¬ 
tents of whioh are made shghtly aoid by gradual addition, with gentle 
stirring, of hydroohlorio aoid. The orude tar aoids separate and come 
to the top on standing, and their volume is read off on the scale of the 
measure. Sinoe 100 c.c. of the middle oils was taken for the estima¬ 
tion, the reading givos dirootly the percentage of crude tar aoids in the 
middle oils. 

If volume of tar acidB found, M>=the weight in grammes of 100 c.c. 
of the middle oils : 8=the percentage (by weight) of middle oils in the 
tar, and s=the speoifio gravity of the tar, then the percentage by volume 

n x 8 

of orude tar aoids in the tar is-■ 

1 w 

If 100 0 c. of middle oils is not available for the estimation, a smaller 
measured volume may be taken, and the quantities of soda solution used 
reduoed in proportion. The neoessary modification of the calculation 
of the result oan bo readily made. 

Free Carbon. —The tar shall contain not less than 12 per cent, and 
not more than 22 per oent. by weight of free oarboti. The free carbon 
is to be determined by the weight of the residue after oompleto extrac¬ 
tion of all matter soluble in benzol or disulphide of oarbon. The extrac¬ 
tion is best carried out in a Soxhlet or similar apparatus by disulphide 
of oarbon followed by benzol. 

THE TESTING OF TAR. 

The oomplianoe of a sample of tar with the British Standard Speci¬ 
fications for No. 1 and No. 2 Tars oan be ascertained only in a chemical 
laboratory. But in oases where it is desired to ascertain in a quiok 
and simple manner whether consignments of tar differ fundamentally 

18 
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from an approved sample, or whether they are of the No. 1 or of the 
No. 2 grade, the following simple tests may be of service :— 

Specific Gravity. —The speoifio gravity may be ascertained 
quioldy and with a sufficient degree of aoouraoy by means of a 
hydrometer, to the readings of whioh a correction for deviation "of 
temperature from the standard temperature of 15° Centigrade or 
59° Fahrenheit is applied A hydrometer for the range 1-16-1-24, 
whioh is wholly made in nickel silver and will stand a reasonable 
amount of rough usage, is convenient, and this may be obtained in 
conjunction with a temperature corrector consisting of a substantial 
thermometer graduated to show directly the addition whioh should 
be made to the hydrometer reading when the temperature of tho 
tar is above 15° Centigrade or 69° Fahrenheit. If a portion of tho 
tar is poured into a suitable vessel, stirred, and tho metal hydro¬ 
meter and temperature oorreotor inserted in it, the spocifio gravity 
of the tar at 15° Centigrade or 50° Fahrenheit is obtained in two or 
three minutes, even though the temperature of the tar at tho time 
is considerably higher than 15° Centigrade or 69° Fahrenheit. 

The speoifio gravity of a tar is not by itself a sufficient indication 
of the utility of the tar. 

Viscosity. —A viscosimeter will show quickly whether a sample 
of tar is of the No. 1 or of the No. 2 grade, or whether a consign¬ 
ment differs fundamentally from an approved sample, but sinco vis¬ 
cosity of tar vanes greatly with its temperature, it is necessary that 
readings of visoosity, in order to be oomparable, should bo made at 
the same temperature. The temperature of 25° Contigrado (77° 
Fahrenheit) is a convenient standard temperature for observations 
of the visoosity of tar, and it is necessary before using the visoosi- 
meter that the tar should be exactly at this temperature and well 
stirred. In cases where serious disagreement is found between the 
viscosity of an approved sample and the viscosity of the tar as 
supplied, further examination of the latter should be made before 
it is used. 

Water and Naphthalene. —If about a quart of the tar is poured 
into a vessel about 12 mohes high, and the vessel is oovored by a 
pieoe of ordinary glass and is left standing in a moderately warm 
room for twenty-four hours, flaky white crystals of naphthalene 
will be seen on the glass and the upper part of the walls of tho 
vessel if there is a considerable amount of naphthalene in the tar. 
Globules of water also will be notioeable on the surfaoe of the tar 
at the end of twenty-four hours if the tar oontains a considerable 
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quantity of wator. Since most tars contain some naphthalene and 
often a trace of water also, it is advisable when making this test 
to put alongside the portion of tar which is being tested a portion 
of the approved samplo in a similar glass-oovered vessel, and to 
compare tho amount of naphthalene crystals deposited and of water 
separated from the two samples at the end of twenty-four hours. 


BRITISH STANDARD SPECIFICATION FOR PITCH FOR 
ROAD PURPOSES. 

(Baaed upon the Road Board Specification No. 6, and published with the 
approval of the Road Board.) 

Standard pitoh for road purposes in tho United Kingdom shall be 
specified as undor :— 

BRITISH STANDARD SPECIFICATION FOR PITCH. 

General. —This pitch is suitable for pitch-grouting. See “ Road Board 
General Directions for Pitoh-Grouting.” 

Consistency. —Tho pitch is obtained of tho required consistency most 
conveniently by running it off from tar stills in whioh the distillation 
of the tar has been stopped at tho point at which tho residual pitoh will 
give a penetration of 70 (or suoh othor ponotration as may be specified 
to suit olimatio or local conditions) whon tested at 25° Centigrade (77° 
Fahrenheit) on a ponetromoter. Harder pitoh may be softened or out 
baok, in the still or in a mixer at tho tar works, to tho extent neocssary 
for it to give this penetration, by the addition of tar oil. 

Where pitoh of tho roquired consistency is not thus direotly pro¬ 
curable, it may be prepared by softoning oommoroial soft pitch, by 
the addition of tar oil. “ Commercial soft pitch ” and “ tar oil ” are 
specified on pages 276 and 277. In preparing tho softened pitoh m this 
manner the tar oil is added to tho pitch in tho manner described under 
“ Instructions for Melting tho Pitch” in the “Road Board General 
Directions for Surfacing with Pitch-groutod Maoadam,” in suoh pro¬ 
portions that the resultant softened pitoh will give a penetration of 70 
(or such other ponotration as may bo specified to suit olimatio or looal 
conditions) when tested at 2D° Centigrade (77° Fahrenheit) on a penetro¬ 
meter, with a No. 2 needle weighted to 100 grammes for five seoonds. 

PREPARED PITCH FROM TAR DISTILLERIES. 

General Characteristics. —Pitoh whioh has been procured of the re¬ 
quired oonsistenoy direotly from a tar distillery needs only to be 
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thoroughly melted in the pitoh heaters or boilers, but, as a precaution 
against burning, 1 to 2 per cent of tar oil may advantageously be put 
into the boilers with the pitoh. 

Pitoh which has been prooured of the required consistency direotly 
from a tar distillery shall not yield more than 4 per oent. of distillate 
below 270° Centigrade, or 518° Fahrenheit, on distillation as dcsoribed 
below, and shall oontam not less than 16 per cent, and not more than 28 
per oent. of “ free carbon,” as defined below. 

COMMERCIAL SOFT PITCH. 

Source of Pitch. —The pitoh shall be derived wholly from tar pro¬ 
duced in the carbonisation of ooal, exoept that it may contain not moro 
than 25 per cent, of pitch derived from tar produood in the manufacture 
of oarburetted water gas. 

Fractionation. —On distillation in a litro fraotionating flask (a dis¬ 
tillation flask without special fractionating column) ono-half to two- 
thirds filled, the pitch shall yield the proportions by weight of distillates 
stated below, the temperatures of distillation being read on a ther¬ 
mometer of which the bulb is opposite the side tube of the flask :— 

Below 270° Centigrade or 518° Fahrenheit, not more than 
1 per cent, of distillate 

Between 270° and 315° Centigrade or 518° and 599° Fahrenheit, 
not less than 2 per oent. and not more than 5 per cent, of distillate. 

Free Carbon. —The pitch shall oontain not less than 18 per oent. and 
not more than 31 per oent by weight of free oarbon. The free oarbon 
is to be determined by the weight of the residue after oompleto extrac¬ 
tion of all matter soluble in benzol or disulphide of oarbon. The extrac¬ 
tion is best oarried out in a Soxhlet or similar apparatus by disulphido 
of oarbon followed by benzol. 

TAR OIL. 

Source of Tar Oil. —The tar oil to be used is preferably a filtered 
green or anthraoene oil, and shall be derived wholly from tar produood 
in the oarbonisation of ooal or from suoh tar mixed with not moro than 
25 per oent of its volume of tar produoed in the manufacture of oar¬ 
buretted water gas. 

Specific Gravity.— The specific gravity of the tar oil at 20° Centigrade 
(68° Fahrenheit) shall lie between 1-065 and 1-085. 

Freedom from Naphthalene and Anthracene.— The tar oil after stand¬ 
ing for half an hour at 20° Centigrade (68° Fahrenheit) shall remain 
clear and free from solid matter (naphthalene, anthracene, eto.). 
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Fractionation. —The tar oil shall be oommeroially free from light oils 
and water. On distillation in a litre fraotionating flask (a distillation 
flask without apeoial fraotionating oolumn) one-half to two-thirds filled, 
the tar oil shall yield the proportions by weight of distillates stated 
below, the temperatures of distillation being read on a thermometer 
of which the bulb is opposite the side tube of the flask:— 

Below 170° Centigrade or 338° Fahrenheit, not more than 
1 per oent. of distillate (light oils and water, if any). 

Below 270° Centigrade or 518° Fahrenheit, not more than 30 
per oent. of distillate (middle oils, and light oils and water, if 
any). 

Below 330° Centigrade or 626° Fahrenheit, not less than 95 
per oent. of distillate (heavy oils, middle oils, and light oils and 
water, if any). 
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Abrasion, 54, 61. 

Absorption of moisture, 107, 108. 
Adhesion of tax, 107, 108, 111. 
Advantages to motors, 8. 

Aggregate, 163, 166 
Aid, State, 48. 

Air spaces. See Voids. 

Ammonia, 269 
Ammomaoal liquor, 100 
Analysis, weight, 187 

— volume, 187. 

— of paving mixture, 209-213. 

Angle of distribution, 84 
Anthracene, 276 

— oil, 100, 101, 102, 103, 105, 106, 110, 

121, 161, 159 
Apparatus, 202-213. 

Arohangel timber, 228. 

Areas badly drained, 57. 

Arterial roads, 39, 45 
Asphalt, 17, 19, 36, 37, 43, 03, 04, 77, 
88, 122, 126, 103, 164, 210, 231, 232, 
247, 200, 208 

— advantage of, 22, 62, 122 

— allocation of wear, 78, 79. 

— bitumen in natural, 191, 232. 

— oement, 135, 254. 

— compression of, 86, 193, 220. 

— oost, 80, 81, 262. 

— oreeping of, 88 

— defects m, 127 

— life of, 81, 240 

— limit of grade, 12, 16. 

— mastdo, 106, 192, 232. 

— perfect, 146. 

— refined, 135. 

— repair of, 181 

— rock, 123, 231, 248, 249. 

— tractive effort on, 17. 

— traffio on, 13, 79. 

— voids in, 88, 188, 191, 192, 193, 

221 

— wheel effects on, 30, 37. 

Asphaltenes, 126. 

Asphaltio non-bitumens, 132 

— flux, 130. 

Asteophalte, 134, 136, 164 
Atmospheno conditions, 03, 112, 114 
130, 103, 180,181, 232. 


Attrition test, 59, 60. 

— internal, 230. 

Axle weight of vehiolos, 27, 29, 32, 33, 34. 


Baku pitch, 134 
Barbaaoes manjak, 132. 

Base ooat, 177, 178, 263. 

Bavaria, regulations of vohiolos, 23. 
Belgium, road maintenance in, 47. 

Bends, 39. 

Benzine, 101. 

Bermudez bitumen, 128, 129, 130, 131, 
142-4. 

Binder course, 203 

Binding agent, 204. See Moisture, Tar, 
Bitumen, etc. 

— oourse, 202. 

Bitumen, 122, 124-50, 172,173, 174, 177, 
195-200, 205, 200, 208. 

— Bermudez, 128. 

— California, 126. 

— in concrete, 149, 175, 180, 180, 190, 

203. 

— Cuban Bejuoal, 128-31, 141. 

— expansion and contraction, 180, 103. 

104. 

— filler m, 131, 136. (See mineral 

matter in.) 

— fluxed, 135, 130, 179, 180. 

— Maracaibo, 128, 129, 130, 131 

— Mexico, 120. 

— mineral matter in, 130, 131, 135, 141, 

l>4o 9 9 r 


— native, 122, 125, 130, 140. 

— prepared, 135-177. 

— soluble in CS* 126, 128, 129, 133, 134, 

141,149,210,212. 

-in CCl*, 128, 130,132,133,134,149, 

213. 

— standard, 120. 

— sulphur in, 142. 

— teBts for, 120, 127, 128, 129, 130, 131, 

132, 133, 134, 141, 143, 149, 212. 

— Trinidad Lake, 120, 128-31, 136-7, 

141-5, 148-60, 167, 171, 211, 232. 
Bituminous oonorete, macadam, eta, 96. 
176, 178-9, 183-4-6, 180, 247, 203. 

— material, 207 
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Bituminous pavements, 80, 81, 95, 127, 
102, 106, 171, 174, 175, 210, 246, 247. 

— plant for, 176. 

— surface ooat, 179. 

Blast-fumaoo tar, 104, 122. 

Boiler tar, 120, 107. 

Bottlenecks, 40. 

Bowen penetrometer, 137. 

Brakes, action of, 65. 

Bn ok pavement, 210, 220 

-tractive effort on, 17 

British Isles, roads in, 40. 

— Engineering Standards Committee, 

105, 109, 152, 207-277. 

Buses, Motor, 3, 4, 7, 30, 42, 44. 

Califorrnan bitumen, 126, 136, 142-4. 
Camber, 38. 

Car, railless, 44. 

Carbon, fixed, 101, 111, 128,141,142,149. 

— free, 106, 107, 108, 110, 111 

— disulphide, 122, 128, 129, 133, 134, 

141, 149 
-free, 101. 

— totraohlondo, 128, 130, 132, 133, 134, 

149. 

Carbonisation, 101. 

Carburotted water gas, 101, 104. 
Carnageway, 41, 42, 73, 267. 

Cement, 148, 160, 171, 257 

— grout, 250. 

— mortar, 257. 

Census of trafflo, 4, 5, 73, 183, 184, 186, 
246. 

Channels, 67, 254, 256, 259. 

Chemioal action, 266. 

Ohippmgs, 178. 

Ciroular roads, 42. 

Class of roods, 122. 

Olay subsoil, 95. 

Cleo Hill granite, 60. 

Climate, not, 136. 

Clmkor rofuso, 177, 178, 182, 104-5. 

Coal, 99, 100. 

— tar, 267. 

Coat, bituminous, 121, 170 
Coke-oven tar, 102, 103, 113, 122. 
Colloids, 144-8, 171, 193. 

Comments on pavdments, 199-200. 
Composition of tar, 100 
Compression of asphalt, 86, 193, 220 
Conorete, 19, 61, 88, 93,121,170,170,230, 
254, 259. 

— bitumen m, 148. 

— briok pavement, 216, 217. 

— remforoed, 94, 96, 216. 

— roads, 171, 213-7. 

— tar, 121. 

Congestion, 41, 42. 

Consistenoy of tar, 105,113,114,1] 9,121, 
275. 

Contact with surface, -36. 


Contour, 35, 38. 

Contraction, 137, 194. 

Control, State, 47, 48 
Cormostik, 166. 

Corrugations, 90, 91. 

Cost of asphalt, 6, 80, 81, 178-9, 252 

— of oolleotion and delivery, 9. 

— of oonorete, 171, 217. 

— of macadam, 80, 81, 262. 

— of plant for road work, 176 

— of reconstruction, 2. 

— of repair, 4, 6, 6, 39, 46, 49, 52, 70, 71, 

72, 78, 81, 253 

— of tar spraying, 79. 

— of traction, 14. 

— of wood paving, 4, 70, 71, 72, 73, 80, 

81, 231. 

Costs, reduced, 4, 77. 

Crooking, 263, 266. 

Crooks, 127. 

Creeping, 88. 

Creosote oil, 100, 103, 106, 106, 121, 161, 
157, 169, 160 
Creosoting, 261 

— timber, 109, 229. 

Crompton three-axle roller, 221-4. 
Crossbars, 25. 

Crossings, 261 
Crude bitumen, 129. 

Crusher, lightning, 179 
Cuban Bejuoal bitumen, 128, 129, 130, 
131, 141. 

Curves, 15. 

Cushion, 84, 86, 170, 175, 179 
Cutting book, 106, 109, 119. 

Damage by vehioles, 3, 4, 5, 6, 7, 26,135, 
262. 

Defeots m asphalt, 127. 

Dehydrated tar, 105, 110, 113. 
Departmental Committee, 25, 29. 
Designer of road, 12, 39 

— of railway, 12. 

Diameter of wheel, 22, 24, 25, 27, 29, 32, 
33, 34, 66. 

Disintegration, 115, 127, 141, 169, 186. 
Distillation of ooal, 100, 101, 128. 

— of tar, 104, 105, 106, 108, 113 
Distribution of weight, 87 
Division of roads, 16 

Dow penetrometer, 137 
Dowelled blooks, 227. 

Drainage, 67, 65, 262 
Driers, 167, 182. 

Duotffity, 143, 149, 186, 207 
Durax paving, 225, 248, 252. 

Dust, 62, 144-8, 150, 178, 179, 195. 

— cementing power of, 54, 56, 60. 

Ebono pitch, 134. 

Eeonomioal effect of tar spraying, 77 
Eoonomy, 8, 21. 
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Effect of wear, 170. 

Effort, tractive, 17, 18, 19, 20. 

Egyptian glance pitoh, 132. 

Epur6 bitumen, 129, 136. 

Essentials m a road structure, 169, 247. 
Evaporation of tar, 113 
Examination of road pavements, 196-9 
Excavation, 259. 

Exoess of moisture, 57 
Excessive wear, 7. 

Expansion, 139, 173, 194, 253 

— joint, 261 

Experiments, road, 49,110,171-4, 182. 

Failure, oauses of, 173, 174. 

Filler m bitumen, 131, 136, 144, 145, 
146-8, 171, 199, 200. 

— in tar, 160, 194. 

Film thiokness, 189, 190, 194, 199, 200, 
266. 

Fine material, 193. 

Finishing ooat, 121,176. 

Finland timber, 228. 

Fixed carbon, 110, 111, 128,141,142,149, 
265. 

Flagrook, 176, 177, 178, 182. 

Flash-point tester, 204. 

Flints, 55, 58, 254 
Floating, 260. 

Flour, 160. 

— wood, 196. 

Flourometer, 147, 160. 

Flowing point, 128, 130, 132-4, 206, 208. 
Flue dust, 201. 

Fluxes, 133 
Fluxing oils, 127 
FootwayH, 174, 256. 

Foundation, 53, 84, 93, 94, 96, 96, 121, 
263 

Fractionation, 104, 149, 270, 272, 276. 
France, road maintenance, 47. 

Free oarbon, 106, 107, 108,110, 111, 271, 
273, 276. 

Franoh Asphalt Company, 231. 

Frost, 31 

Frost-bound road, 62. 

Gas tar, ooaL See Tar. 

Germany, road maintenance in, 47. 

Glance pitch, 132 
Grade, 12, 13, 67. 

— effect on speed, 13, 16. 

— limi ting , 12, 15. 

-for asphalt, 12, 15. 

— power required, 12, 14. 

Graded mixtures, 156, 189, 190, 196. 

— road, contour of, 57, 68 

Grading mineral, 135, 161, 196, 199-200. 

201, 210, 231, 264. 

Grahamite, 129, 132. 

Granite, 63, 172, 173, 174, 176, 177, 178, 
179,182,195. 


Granite ohippings, 257. 

— dust, 195, 201. 

— setts, 18, 43, 225, 233, 248. 

Gravel roads, 18. 

Gravity, speoifio, 101, 107, 111, 113, 119, 
161, 178, 187, 188, 189, 202, 203, 200, 
207, 209, 211. 

Gnt setts, 226. 

Groutmg, 168-60, 220, 261. 

Guernsey granite, 59. 

Gullies, 57, 257, 258. 


Hardcore, 255, 257. 

— foundation, 54. 

Hard-wood paving, 227. 

Hardening of tar, 114, 153. 

Hardness of bitumen, 129, 137, 138-41. 

— of stone, 54, 01. 

Hard pavements, 141, 159. 

Heat. See Temperature. 

Heating, 265, 269, 271. 

Heating stone, 186-75. 

Heavy traffio, 10, 68, 109. 

Highways Aot, 1878, Bootion from, 23. 
Hoggin, 55, 255. 

Hollows in roads, 96, 97. 

Homogeneous pavement, 80, 87. 

-non-, 87. 

Horse traffio, 5, 62, 65, 85. 

Horses’ feet, effeot of, 5, 61. 

Horses, manure from, 75, 70. 

Hutchinson Testing Apparatus, Ltd., 203. 
Hydrocarbons, 99,101,125,126,130,132, 
133, 134, 213. 

Hydrometer, 204, 205. 


Inclination of road, 12. See Grade. 
Interior wear, 03, 78. 

International Road Congress, 12, 15, 16, 
34, 44, 45, 40, 47, 64, 05, 79. 


Jarrah wood paving, 227, 
Junctions of roads, 42, 46. 


Karri wood paving, 227. 
Kerbing, 264, 262. 
Kfeinpflaster, 225, 248. 


Laboratory, 202-13. 

Laroh, 228. 

Laying bituminous pavoments, 176, 181. 

O A On 9 1 


— wood pavements, 229, 230. 

-blooks, 260. 

Leicestershire granite, 69. 

Life of pavements. See Maoadam, As¬ 
phalt, Wood, etc. 

Light oil, 100,103,105,106,131,133,137, 


Light railway, 46 
Light traffio, 17. 

-roads, 136, 180. 

Lime, slaked, 113, 157, 178. 
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Limestone, 68, 168, 172, 176, 178. 

— affinity, 116, 168. 

Limmer and Trinidad Lake Asphalt 
Paving Company, 163, 164, 231 
Lithofalt, 233. 

Lithomoo, 163 
Loads, exceptional, 27. 

Loans for paving, 231. 

Looal stone, 69, 176. 

Looomotivo, tires of, 24. 

— weight, 24. 

Looomotives, road, 26. 

Macadam, J. L., 62, 63, 63, 91, 266, 267. 
Macadam, bituminous, 80, 81, 166. 

-oost of, 62, 80, 81. 

-laying, 176, 266. 

-laying stone as aggregate, 69, 176. 

-matrix of, 176 

-roller for, 218 

— road, 1, 79, 86, 170. 

-oorrugations in, 91. 

-effect of dry weather on, 04. 

-offeot of rain on, 64. 

-offeot of tar-spraymg on, 77, 79, 

82, 116, 117, 169, 244 

-effeot of wear, 170. 

-expensive, 78, 79. 

-heavily oiled, 18. 

-kfe of, 63, 79. 

-settlement of, 64, 86. 

-tractive effort on, 19. 

-voids in, 86. 

-wear of, 66, 62, 63, 64, 74, 77, 79, 

82, 170. 

— stone, 62, 63, 177. 

-offeot of grinding, 66. 

-mud from, 67. 

Machines, tar-spraying, 117, 118. 
Maintenance oost, 1, 46, 49, 62, 70, 71, 72, 

78, 81, 237, 243. 

Maltha flux, 143-4. 

Manjak, Barbadoes, 132. 

Manure on wood and other pavements, 
76, 76, 77, 237, 240. 

Maraoaibo bitumen, 128, 120, 130, 131. 
Mastio asphalt, 166, 192, 194. 

Matrix, 176. 

Meohanioal mixing, 120. 

Medium traffio, 17. 

Molting point of bitumen, 128, 132, 133, 
134, 141, 148, 206 

-of pitch, 110, 112. 

Mexloon bitumen, 142-4. 

Mexioo Ebano pitch, 134. 

— Ebano, 134. 

Mexphalto, 134, 135, 165. 

Mileage of trains, 9. 

Mineral, grading, 134 

— matter in bitumen, 130, 131, 141, 142. 
Ministry of Transport, 49. 

Mixing, 264. 


Mixing plant, 166-8. 

Moisture, 66, 66, 63, 81, 90, 107,108,109, 
115, 121, 237, 240. 

Motor-bus damage, 3-4, 7, 30, 44. 

Motor Cor Act, seotions, 32, 61. 

Motor oar, heavy, 28, 66, 84. 

-light, 66. 

— transport, 10 
-oost, 21. 

— waggon, weight of, on road, 83. 

Naphtha, 100, 128, 130, 132-4, 149, 212, 
266. 

Naphthalene, 101,108,109, 270, 272,274, 
276. 

Native bitumen, 122-4. 

Natural and oil asphalts, 141. 

Nature of bitumen, 122, 124. 

New York testing penetrometer, 137 
Nomenclature, 122, 123, 126, 266. 

Obstructions in roads, 16, 97, 98. 

Odour of bitumen, 193. 

Ohio, regulation of vehicles in, 23 
Oil asphalts, 141 
Oil-gas tar, 104. 

Oil, fluxing, 127, 136, 137 

— light, 100,103, 105, 106, 131,133,137. 

— residual, 133, 136. 

-and pitoh, 134, 136. 

Old road, 66. 

Oxidation, 137 

Paraffin scale, 126, 134, 149. 

— base flux, 136 
Pat-papor test, 202, 265. 

Pavement. See Wood, Soft, Asphalt, 
Maoadam 

— Durax, 226, 248. 

— examination of, 196-9. 

— hard, 141, 169. 

— laying wood, 229, 230. 

— pitch-pine, 229. 

Penotration, 137, 160, 230, 266. $ce Vis¬ 
cosity. 

Ponotromotor, Bowen, 137, 178, 209. 

— Dow, 137. 

— Now York, 137. 

— Standard, 138. 

— tests, 129,137, 138, 139, 140, 141, 147, 

160, 178, 202, 208. 

PenmaenmawT granite, 59, 225. 
Percentage of tar in tar maoadam, 163, 
178. 

— of bitumen, 179, 187, 189, 190, 192, 

210, 232. 

— of stone in asphalt, 179-80, 193-200, 

210, 231 

-in bituminous macadam, 177, 180, 

189, 210. 

-in oonorete, 170. 

-in a ooat of maoadam, 55 
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Petrolenes, 126. 

Petroleum, 133. 

— Texas, 133 
Phenols, 270, 272. 

Pitch, 88, 100, 102, 103, 106, 108, 110, 
122, 133, 148, 167, 160, 161, 177, 178. 

— Baku, 134 

— boiler, 120. 

— grout, 168-60 
-oost of, 161 

— London, 108 

— and residual oils, 134, 136. 

— softening of, 106, 116, 148. 

— souroe of, 276. 

Pitchman, 100, 162. 

Pitch-pme, 229. 

Plant for road work, 106, 167, 168, 176. 
Plasoom, 162 
Pneumatio oushion, 91. 

Pounng-in process, 168-60. 

Powder, impalpable, 64, 66, 131, 144-8, 
196. 

Power required on graded road, 12,13,14. 
Pressure on road, 84, 86, 94. 

Quarnte, 168. 

Ragstone, 68, 170, 177, 178. 

Railless cars, 44. 

Railway costs, 6. 

— methods, 11. 

— and motor transport, 10. 

— rates, 10 

— receipts,' 9. 

Railways and traffic, 8 
Rain, 76. 

Rate of wear, 68-74. 

Reconstruction oosts, 2, 60 
Recuperative power, 87. 

Refining methods, 101. 

Refuse, street, tonnage, 76, 76, 77, 230, 
244. J 

Regulations of vehicles, 12, 23-32. 

Repair, cost of, 1, 4, 6, 39, 70, 72, 239. 
Repairs, 181, 214, 239. 

Residual oil, 133, 136 

Resihenoy, 6, 36, 83, 84, 86, 171, 214. 

Resin, 167. 

Resistance, 17, 18, 19, 20, 36, 60, 08. 

Riga timber, 228 
Rings m timber, 228. 

Road Board, 49, 60, 161, 207 

— Board’s Speoifioation, 137, 177 

— essentials, 109 

— pavements, examination of, 196 - 9 . 
Roadamant, 166, 262 
Roadoleum, 103. 

Road Improvement Aot, 40. 

Roads, conorete, 213-7. 

— unsuitable, 30 

Rock asphalt, 123, 124, 231. 

Rocmac, 166. 


Roller, kind of, 218-24, 266. 

— weight on foundation, 64. 

Rolling, 64, 178, 181, 193, 263. 

Rubber pavement, 60 

— tares, 6, 36, 44, 70 
Russian tnnbor, 228. 

Sand, 144-8, 172, 173, 174, 178, 170, 201, 
202, 210, 264, 268 

— ooat, 116 
Sandstone, 176. 

Saponification tost, 143-4. 

Sap or sapwood, 220. 

Saturated hydrooarboiiH, 130, 132, 133, 
134. 

Seale paraffin, 126, 134, 140, 

Soalmg, 127. 

Scandinavian timber, 228. 

Scavenging, cost of, 240. 

Scientific examination, 180. 

Sealing ooat, 161, 166. 

Sedimentation, 146, 147. 

Set of wheels, 26 

Sett paving, 18, 226, 226, 248. 

Settlement in maoadam road, 64. 

Sidoup trials, 161, 261. 

Signs of good road, 122. 

Size of maoadam Htono, 50, 187. 

Skidding, 36, 38. 

Slag, 68, 177, 178, 182. 

Shppermoss, 22. 

Softness of bitumen, 120, 132, 133, 134. 
130. 

Soft wood, 08, 69, 70, 227, 228. 

-oost, 4, 0, 70, 71, 80, 81. 

-life of, 4, 68, 72. 

-repair, 4, 43, 70, 72. 

-wear of, 4, 43, 03, 67-70, 74. 

Souroe of tor, 209, 272, 270. 

Speoific gravity, 100, 101, 107, 111, 110, 
101, 178, 187, 180, 203, 206, 207, 200, 
209, 272, 274. 

Speoifioation, British Engineering Stan¬ 
dard, 106, 110, 152, 177, 207, 288, 209, 
275 . 

— of bitumen, suggested, 206. 

— of tar, 105, 177. 

Speed, 06, 60, 07 

— limit, 28, 33, 34 

Spraying, 114, 119, 151, 244. See Tar 
Spraying. 

Springs, 20, 06, 00, 91, 96, 97. 

Spruoe, 228. 

State aid. 48, 235. 

— oontrol, 47, 48. 

Steam roller, 64, 83. 

— tractor, 

Steel tares, 70, 74, 82. 

Stone, soft, hard, 64. 

Strain on road, 30, 88 
Sulphur in bitumen, 142. 

Super-elevation, 86. 
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Surface, area of material, 188, 189 

— ooat, 187. 

— oontoot, 36-194. 

— energy, 145 

— structure, 53, 178-9 

— tarring, 77,79, 82. See Tor Spraying. 

— wear, 63, 236. 

Swedish timber, 228. 


Tamping, 181, 193, 220, 221. 

Tar, 88, 99, 114, 150 

— adhosion of, 107, 108. 

— blast-furnace, 104, 122. 

— boilers, 120, 167. 

— oarburettod water-gas, 104. 

— ooke-ovon, 102, 103, 113, 122. 

— composition of, 263, 264, 268. 

— oonsistenoy of, 100, 102, 119. 

— dehydrated (rofinod), 105, 110, 113, 

153, 167 

— distillates, 108. 

— hardening of, 114, 153. 

— in bitumen mixture, 177. 

— in ooncroto, 121, 180. 

— mixtures, 166, 157, 178, 180 

— moisture in, 107, 108, 109, 116, 152. 

— souroe of, 200, 272, 276. 

— spraying, 77,79, 82,114-9,161, 244 

-autumn woathcr on, 115. 

-ohippings on, 116. 

-oost of, 79 

-effoot on road, 77, 79, 115, 116,109. 

-ooonomioal, 77, 116, 244. 

-machines, 117, 118. 

-possibilities of, 156. 

-a palliative, 117. 

-sand ooat on, 116. 

-value of, 155. 

Tarmac, 158. 

Tar macadam, 17, 112, 122, 150, 151, 
152-8, 101, 248. 

-failures of, 150. 

-stone used in, 151, 152, 153-8. 

-tar for, 112, 150-3. 

-traotivo effort on, 17. 

-voids in, 86, 151, 220. 

— pavomonts, 127, 154. 

Tars and pitohos, 266. 

Tarvia, 111, 113, 158. 

Taxation, 2, 3, 4. 

Telford, 63. 

— foundation, 53, 64. 

Temperature on roods, 112, 113. See 
Weathor, Atmospheric Conditions 

— of bitumon, 137, 149. 

— of distillation, 100 

— of tar, 112. 

Testing of tar, 273. 

Tests for bitumon, 126-34, 141, 143-9, 
202-13. 

— for pitch, 110. 

TexaB petroleum, 133. 


Thames ballast, 258, 259 
Thermometer, 202, 203, 204. 

Thickness of cushion, 84, 85,170,175,179 
Tires, 19, 20, 21, 24, 29, 32, 33, 35, 44, 06, 
70, 84, 87 

— ribbed, eto., 35, 66, 70, 74. 

Tonnage of goods, 9. 

Toughness of stone, 60. 

Town Planning Aot, 40. 

Traotion, oost of, 14 

— effect of surface material, 15. 

-of diameter of wheels on, 22. 

-of speed on, 14, 18, 19. 

-of tireB, 19, 22. 

-tractivo effort, 17,18,19, 20, 60, 68. 

— wear, 62, 68, 78. 

Traffio oensus, 4, 5, 73, 183, 184, 185, 245 

— congestion, 41, 42. 

— damage by, 7, 66, 67. 

— extraordinary, 50, 61. 

— heavy, 10, 65, 72, 99, 109. 

-restriction of, 30. 

— on homogeneous pavement, 87. 

— horse, 25, 62, 75 

— light, 17, 75, 216. 

— medium, 17, 75. 

— tendency, 109. 

— weight of, 83. 

Trailers, 25, 20, 32, 33. 

Tram mileage, 0 

Tramways in roads, 42, 43, 44, 45 
Transport, railway and motor, 10, 21. 

— Ministry of, 49. 

Trees, 45 
Trosaugot, 51, 52 

Trinidad Lake bitumon, 128, 129, 130, 
131, 135, 137, 141, 142, 143, 144, 146, 
148, 150, 157, 171, 179. 

-mineral matter in, 130,131,135, 

141, 142, 148,150. 

Trinidad residual, 147. 

— liquid asphalt, 163 
Twaddoll’s moasuro, 119. 

Two-coat paving, 80, 192. 

Unevenness of roads, 235. 

Unification of transport, 21. 

U S.A., road maintenance in, 47. 

User of road, 12, 39. 


Val <4o Travers Asphalt Company, 163, 
231. 

-matrix, 163, 231. 

Vehicles, offeot on, 20. 

— regulation of, 12, 23-32 

— skidding of, 35, 38. 

Viagraph, 233-40. 

Visoometor, 204. 

Visoosity, 112, 137. 

Voids, 85, 80,151,188,191,192,193, 219, 

220 , 221 . 
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Volatilisation, 113,116,116,127,137,161, 
163, 206. 

Volume, analysis by, 187. 

Waviness, 91, 92, 127, 220, 233. See 
Creeping. 

Weakness in bitumen, 144. 

Wear, division of, 63, 78. 

— excessive, 7. 

— of asphalt, 78, 79. 

— of bituminous macadam, 80, 81, 96. 

— of maoadam, 62, 63, 64, 74, 77, 170. 

^^ | H 43 

— of soft wood, 43, 63, 67-70, 74. 

— vehicular, 4, 6, 43, 236. 

Wearing surface, 187, 216. 

Weather, 62, 64, 65, 66, 78, 82, 180, 181 
Weight, analysis by, 187 

— axle, 27, 29, 32, 33, 36. 

— distribution of, 87. 

— of motor oars, unladen, 28, 26, 33 

— of motor waggon, 23, 33, 83. 

— of rollers, 218-2214 

— on tires, 23, 33, 34, 36, 83 
Wheel bands, 26, 36, 82 

Wheel diameter, 24, 26, 27, 29, 32, 34, 65. 


Wheels and contour, 36, 37, 38. 

— of locomotives, 24, 26. 

— rubber-tired, 6. 

Width of road, 41, 42, 73. 

-effective, 

— of tires, 22, 23, 26, 32, 33, 66. 

Winter See Weather, Temperature, etc. 
Wood fibre as dust, 76 

Wood pavement, advantages, 230. 

— creeping of, 89. 

— flour, 166. 

— hard, 227. 

— soft, 68, 66, 70, 93, 227, 228, 247. 

-cost of, 6, 70, 71, 80, 81,231, 237-0. 

-depth of, 68 

-hfe of, 4, 68, 72, 230, 231, 246. 

-loans for, 231. 

-manure from, 75, 76. 

-renewal of, 72. 

-repair of, 43, 70, 72, 246. 

-thickness of, 247 

-tractive effort on, 17. 

-unequal wear, 246. 

-voids in, 86. 

-wear of, 43, 63, 67-70, 74, 70, 93, 

245. 
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